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New  York,  January  20th,  1897. 

The  112th  meeting  of  the  Institute  was  held  this  date  at  12 
West  3l8t  Street,  and  was  called  to  order  by  President  Duncan, 
at  8.30  p.  M. 

Secretary  Pope  read  the  following  names  of  associate  mem- 
bers elected  at  the  meeting  of  the  Executive  Committee  in  the 
afternoon. 

Name.  Address.  Endorsed  by. 

Bates,  Putnam  A.         Student,  Columbia  University;  resi-    F.  B.  Crocker. 

dence,  113  West  72d  St,,    N.  Y.     Geo.  P.  Sever. 
City.  W.  H.  Freedman. 

Hermessen,  John  Louis.    Chief  of  Data  Dept.,  Union  Elek-    John  B.  Blood. 

tricitats  Gesellschait,  Kleist  Strasse  Harold  Hakonson. 
Berlin,  Germany.  F.  C.  Bates. 

HoMMEL,  LuDWiG.  Supt.     of    Construction,     Standard   Henry  W.Fisher. 

Underground  Cable  Co.,  Westing-    Geo.  S.  Bliss, 
house  Building,  Pittsburg,  Pa.  Wm.  D.  Gharky. 

Kenan,  Wm.  R.  Je.        Chemist    and    Electrical    Engineer,     E.  F.  Price. 

Australian   Carbide  Co.,   Sydney,     W.  K.  Dunlap. 
N.  S.  W.  Paul  M.Lincoln. 

MacGreoor,  WiLLARD  H.    Draughtsman,  359  West  27th  St.,     Louis  Duncan. 

New  York  City.  Frank  J.Sprague. 

C.  T.  Hutchinson. 

Rice,  Calvin  Winsor.    Consulting     Electrical     Engineer.    C.T.  Hutchinson, 

8  Eaton  St.,  Winchester,  >lass.  E.  W.  Rice,  Jr. 

Louis  Bell. 

Rich,  Francis  Arthur.     Consulting  Mining  and  Electrical    Jos.  X.  LeConte. 

Engineer,  Auckland,  New  Zealand.     Clarence  L.  Cory 

Jas.  A.Lighthipe 
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Stakes,  D.  Frankux.    Electrical  Expert,  The  Port  Wayne  F.  S.  Hunting. 

Electric    Corporation ;    residence,  Thos.  Duncan. 

24U  West  Washington  St..    Fort  E.  A.  Barnes. 
Wayne,  Ind. 

TowNSEND.  Samuel  G.  F.     Electrical  Engineer  in    Testing    Geo.  F.  Sever. 

Department,  with   Ward  Leonard  H.Ward  Leonard 
Electric  Co..  Hoboken,  N.J. ;  resi-    A.W.Berresford 
dence.  181  Fifth  Ave.,  N.  Y.  City. 
Total  9. 

The  President  : — The  discussion  this  evening  will  be  on  Elec- 
trically Driven  Vehicles.  The  subject  will  be  opened  bj  Mr. 
Kiker. 


A  Topical  Discussian  at  the  tiath  Meeting  oj  the 
American  Institute  of  Electrical  En^ineers^ 
New  Yorky  January  aoth^  iSq^.  President 
Duncan  in  the  Chair. 


ELECTRICALLY   DRIVEN   VEHICLES. 
(A  Topical  Discussion.) 


Mb.  Andrew  L.  Hiker  : — In  opening  a  discussion  on  electri- 
cally driven  vehicles,  at  this  time,  I  feel  as  if  the  electric  carriage 
had  arrived  at  a  period  of  transition,  that  is,  it  is  passing  from 
the  experimental   into  the   practical   stage.     I  think  that  it  is 

fenerally  admitted  that  the  electric  carriage  is  tlie  ideal  vehicle, 
aving  all  the  advantages  of  simplicity,  ease  of  control,  freedom 
from  neat,  vibration,  or  odor,  but  there  is  one  element  in  the 
electric  vehicle  that  we  must  not  lose  sight  of,  which  has  caused 
all  experimenters  in  this  line  their  greatest  trials — that  is— the 
storage  battery. 

This  vital  part  of  the  system  has  been  defective,  and  upon  the 
remedy  of  this  defect  depends  the  success  of  the  electric  vehicle. 
This  defect  is  not  that  the  storage  battery  is  not  a  practical  ap- 
paratus, but  that  it  has  not  been  adapted  to  the  particular 
reoiiirements  in  this  case. 

The  weight  of  a  motor  vehicle  must  be  kept  within  certain 
limits.  To  that  end  the  battery  portion  has  had  to  be  lightened 
and  under  the  same  conditions  it  has  had  to  withstand  heavy  dis- 
charges from  100  per  cent,  to  1,000  per  cent,  above  the  normal 
rate.  To  meet  these  requirements  some  special  form  of  cell  must 
be  devised. 

I  have  corresponded  with  most  of  the  prominent  battery  com- 
panies both  in  this  country  and  abroad,  and  find  the  best  output 
obtainable  for  complete  cell  including  hard  rubber  jar,  acid  and 
element,  s.ealed  in,  is  about  live  and  one-half  watt  hours  per  pound. 
This  value  limits  the  run  from  four  to  five  hours  on  each  charge, 
at  a  10-mile  pace. 

If  there  is  present  any  representative  of  the  storage  battery 
interests,  I  should  be  glad  to  hear  whether  they  have  anything 
new  for  this  service.  1  had  hoped  to  be  able  to  give  the  results 
of  a  complete  set  of  tests  on  a  new  vehicle  upon  wiiich  I  am  now 
engaged,  but  the  carriage  is  not  finished. 

My  experience  with  my  first  two  carriages,  both  of  which  were 
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Thk  Prksident  : — The  discuftsion  this  evening  will  be  on  Elec- 
trically Driven  Vehicles.  The  subject  will  be  opened  by  Mr. 
Kiker. 


A  Topical  Ditcutsion  at  the  riatk  Meeting  oj  ike 
American  Institute  of  Electrical  Engineers^ 
New  Yorkf  January  ioth^  tSq^.  President 
Duncan  in  the  Chair. 


ELECTRICALLY   DRIVEN   VEHICLES. 

(A  Topical  Discussion.) 


Mb.  Andrew  L.  Riker  : — In  opening  a  discussion  on  electri- 
cally driven  vehicles,  at  this  time,  I  feel  as  if  the  electric  carriage 
had  arrived  at  a  period  of  transition,  that  is,  it  is  passing  from 
the  experimental  into  the  practical   stage.     I  think  that  it  is 

fenerally  admitted  that  the  electric  carriage  is  tlie  ideal  vehicle, 
aving  all  the  advantages  of  simplicity,  ease  of  control,  freedom 
from  neat,  vibration,  or  odor,  but  there  is  one  element  in  the 
electric  vehicle  that  we  must  not  lose  sight  of,  which  has  caused 
all  experimenters  in  this  line  their  greatest  trials — that  is —the 
storage  battery. 

This  vital  part  of  the  system  has  been  defective,  and  upon  the 
remedy  of  this  defect  depends  the  success  of  the  electric  vehicle. 
This  defect  is  not  that  the  storage  battery  is  not  a  practical  ap- 
paratus, but  that  it  has  not  been  adapted  to  the  particular 
reoiiirements  in  this  case. 

The  weight  of  a  motor  vehicle  must  be  kept  within  certain 
limits.  To  that  end  the  battery  portion  has  had  to  be  lightened 
and  under  the  same  conditions  it  has  had  to  withstand  heavy  dis- 
charges from  100  per  cent,  to  1,000  per  cent,  above  the  normal 
rate.  To  meet  these  requirements  some  special  form  of  cell  must 
be  devised. 

I  have  corresponded  with  most  of  the  prominent  battery  com- 
panies both  in  this  country  and  abroad,  and  find  the  best  output 
obtainable  for  complete  cell  including  hard  rubber  jar,  acid  and 
element,  gtcaled  in,  is  about  live  and  one-half  watt  hours  per  pound. 
This  value  limits  the  run  from  four  to  five  hours  on  each  charge, 
at  a  10-mile  pace. 

If  there  is  present  any  representative  of  the  storage  battery 
interests,  I  should  be  glad  to  hear  whether  they  have  anything 
new  for  this  service.  1  had  hoped  to  be  able  to  give  the  results 
of  a  complete  set  of  tests  on  a  new  vehicle  upon  wliich  I  am  now 
engaged,  but  the  carriage  is  not  finished. 

My  experience  with  my  first  two  carriages,  both  of  which  were 
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« 

supplied  with  a  doable  motor  equipment,  has  shown  that  a  single 
motor  is  preferable.  The  single  motor  equipment  is  much  more 
sightly,  and  the  motor  and  gears  can  be  placed  under  tlie  middle 
of  the  body  and  out  of  sight.  Ihe  bicycle  construction,  wire 
spokes,  pneumatic  tires  and  tubular  gear  I  believe  are  necessary 
to  a  successful  vehicle.  Equally  necessary  if  the  vehicle  is  to 
give  satisfaction,  is  simplicity  of  control. 

At  the  present  time  the  electric  carriage  is  not  eminently 
suited  for  long  runs,  or  out-of-town  service,  but  for  this  we 
anxiously  await  what  the  future  may  bring  forth. 

The  r resident  : — This  question  of  motor  vehicles  is  one  of 
the  most  important,  next  to  the  development  of  railroad  traction, 
which  is  before  electrical  engineers.  The  success  of  it  depends 
upon  what  we  can  do  with  storage  batteries.  Mr.  Riker's  results 
of  five  to  six  watt  hours  per  pound  seems  to  me  better  than  the 
ordinary  battery  will  do  under  the  conditions  imposed  on  them. 
As  I  have  said,  tests  made  by  cyclometers  show  tliat  few  vehicles 
made  as  much  as  30  miles  a  day,  and  it  is  only  very  rarely  that 
they  go  as  high  as  35  miles  a  day. 

The  results  given  in  the  ordinary  battery  catalogues  show  that 
no  battery  is  now  on  the  market  that  will  drive  a  motor  carriage 
more  than  20  to  25  miles  with  a  reasonable  weight  of  battery. 
The  results  as  given  by  Mr.  Kiker  will  enable  the  vehicle  to 
travel  something  over  30  miles,  and  I  am  glad  that  such  results 
are  being  obtained.  1  know  myself  that  there  are  several  bat- 
teries that  give  results  better  than  those  on  the  markei,  but  they 
have  not  been  developed  to  that  point  where  they  can  be  com- 
mercially exploited.  It  seems  to  me  that  the  question  is  whether 
some  of  these  batteries  can  be  developed  so  they  will  give  with 
comparatively  small  depreciation  a  capacity  to  drive  a  vehicle  30 
to  35  miles.  If  they  can  do  this  they  will  be  a  success ;  if  they 
cannot  they  will  be  a  failure.  If  any  one  in  the  audience  can 
give  us  some  data  on  this  point  I  wilf  be  very  glad  to  hear  it. 

May  I  ask  Mr.  Hiker  what  batteries  he  was  referring  to  ? 

Mr.  RiKER : — I  was  referring  to  the  3-m.  chloride  battery.  I 
believe  they  guarantiee  a  thousand  discharges  on  that  cell  at  a 
three  and  a  half  hour  rate. 

Mr.  F.  Heckenzaun  : — I  am  hardly  prepared  to  discuss  elec- 
tric vehicles  by  way  of  adding  new  and  valuable  information  on 
the  subject,  but  I  may  conhrm  Mr.  Riker's  statement  to  the 
eflFect  that  the  best  storage  batteries  available  would  only  give 
about  five  and  a  half  watt  hours  per  pound,  gross  weight.  A 
battery  may  be  constructed  to  give  six,  seven  or  eight  watt  hours 
per  pound,  but  it  would  hardly  be  considered  satisfactory  for  the 
purpose  in  point  of  durability.  In  general,  I  think  that  vehicles 
propelled  by  means  of  storage  batteries  could  be  made  a  success 
for  short  trips — for  city  worfe,  such  as  advertising  carriages  and 
the  like.  But  for  long-distance  travel  I  do  not  think  the  time 
has  arrived  when  it  would  be  worth  while  to  even  go  into  experi- 
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men  ting.  The  results  wliieh  liave  been  obtained  on  the  other 
side  with  gasoline  motors  and  motors  of  similar  kind  are  so  far 
ahead  of  what  could  possibly  be  accomplished  by  means  of 
storage  batteries  as  to  practically  settle  the  question  in  my  mind 
that  longdistance  propulsion  is  not  a  promising  field  for  the 
storage  battery  we  are  now  capable  of  producing. 

Mr.  Adams: — I  merely  came  here  this  evening  to  hear  the 
general  discussion  on  the  subject,  without  making  any  prepara- 
tion with  a  view  of  giving  you  any  detailed  information.  The 
Electric  Carriage  and  AVagon  Co.  are  equipping  a  station  in 
Wew  York  for  the  purpose  of  running  a  dozen  or  more  electric 
carriages  for  public  and  private  service  in  order  to  demonstrate 
quickly  the  commercial  side  of  the  question.  As  this  is  probably 
the  first  station  of  the  kind  that  ever  was  equipped,  a  number  of 
new  problems  are  constantly  arising,  and  it  will  be  some  months 
before  we  can  speak  with  any  degree  of  accuracy  as  to  what  the 
probable  results  will  be.  The  service  at  first  will  be  more  or  less 
selective,  as  we  do  not  propose  to  try  to  do  impossibilities  or 
impracticabilities.  As  to  what  has  occurred  in  the  past  year  I 
can  speak  with  more  confidence.  We  have  constructed  a  carriage 
that  has  travelled  35  miles  on  one  charge  through  the  streets  of 
Philadelphia,  no  particular  route  being  selected,  and  the  ordinary 
conditions  of  city  travel,  such  as  grades,  railway  crossings,  and 
the  various  kinds  of  pavements  being  met  with.  We  have  made 
with  this  carriage  during  the  past  year  about  1,000  miles,  and 
have  covered  this  distance  with  but  a  single  accident,  which  only 
caused  a  delay  of  about  five  minutes.  The  carriage  has  had  to 
travel  over  all  sorts  of  streets  and  roads  in  Philadelphia,  ^ew 
York,  Providence  and  Chicago.  This  carriage  is  in  the  form  of 
a  surrey,  and  is  not  adapted  for  public  use.  Those  that  we  are 
now  constructing  (the  first  of  which  is  already  in  New  York)  are 
built  on  the  principle  of  a  four-wheeled  hansom  ;  that  is  to  say, 
the  front  part  of  the  vehicle  is  exactly  the  same  as  the  ordinair 
hansom  with  which  you  are  familiar,  and  there  is  a  box  extend- 
ing from  the  rear  on  which  the  driver's  seat  is  mounted,  and 
which  box  is  carried  on  the  rear  wheels  and  intended  to  carry 
the  battery.  We  expect  to  make  with  these  hansoms  and  coupes 
from  15  to  20  miles  on  one  charge,  which  we  consider  more  than 
sufficient  to  meet  all  the  requirements  of  city  service.  They  are 
not  intended  to  take  long  trips  out  into  the  country,  and  we  will 
not  attempt  to  use  them  for  this  purpose.  Almost  any  point  in 
New  York  or  vicinity  can  be  reached  within  a  radius  of  7i  miles 
from  Thirty-ninth  street  and  Broadway,  and  on  returning  from 
a  15-mile  trip  it  is  only  necessary  to  change  the  batteries,  which 
is  an  operation  requiring  but  a  few  minutes,  when  the  vehicle 
will  be  ready  for  another  15  miles.  This  vehicle  weighs  about 
2,6o0  lbs.  The  cells  which  we  use  are  44  in  number  and  have  a 
capacity  of  about  70  ampere-hours  at  a  two  and  one-quarter  hour 
rate  of  discharge.     That  is  to  say,  they  will  give  30  amperes  for 
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two  hours  and  one-quarter,  and  a  correspondingly  increased 
amount  for  lower  rates.  As  it  requires  about  25  amperes  to  ran 
on  levels  at  a  speed  of  about  nine  miles  an  hour,  it  will  readily 
be  seen  that  we  will  have  a  capacity  of  at  lea^t  20  miles  on  levels 
and  15  miles  over  any  conditions  that  we  will  probably  meet 
in  New  York.  The  battery,  including  the  rubber  jars,  acid,  and 
retaining  boxes,  weighs  about  1,000  lbs. 

The  Prksident  : — I  have  talked  with  people  who  have  spent 
a  great  deal  of  time  and  money  on  the  question  of  motor  vehicles, 
and  who  have  tried  oil,  compressed  air  and  gasoline  for  motive 
power.  Their  idea  is  that  it  is  almost  impossible  to  make  a  motor 
carriage  that  can  be  turned  over  to  any  driver — one  who  knows 
nothing  about  mechanics — and  obtain  succefisful  reenlts.  The 
heat,  the  smell  and  other  disadvantages  were  such  that  the  com- 

Eany  referred  to,  gave  up  experiments  with  everything  but  storage 
atteries.  The  most  extensive  iiclds  for  motor  vehicles  is  in  large 
cities,  where  the  batteries  can  be  charged  at  nigltt  and  where 
long  trips  are  not  required.  The  experience  with  storage  bat- 
teries has  been  that  if  thev  are  never  fullv  discharged,  but  alwavs 
have  a  partial  charge,  the  depreciation  is  not  high  and  their 
efficiency  is  satisfactory.  If,  however,  they  are  discharged  com- 
pletely, the  depreciation  is  very  high  and  efficiency  is  low.  Now 
the  question,  to  my  mind,  is  whetlier  we  have  reached  such  a 
condition  of  affairs  that  anv  battery  made  will  allow  a  motor  car- 
riage  to  be  nm  say  30  to  35  miles  and  still  retain  some  charge  in 
the  battery.  I  would  be  glad  to  hear  from  any  one  who  has  had 
practical  experience  with  storage  batteries  as  to  their  present 
status. 

Mr.  U.  B.  Coho: — Some  years  ago  I  had  considerable  experi- 
ence with  storage  battery  cars  and  found  that  with  our  tracts  in 
good  condition  we  coula  run  fifty  miles  on  one  charge,  but  when 
our  tracks  were  dirty  we  ran  but  ten  miles  on  the  same  charge. 
I  think  that  if  I  were  intending  to  use  a  storage  battery  carriage 
I  should  want  to  use  a  meter,  which  after  a  certain  number  of 
watt  hours  had  been  expended,  would  ring  the  bell  and  give 
warning  that  it  was  time  to  retuni.  I  have  yet  to  see  the  battery, 
which  on  one  charge  I  would  feel  certain  of  niaking  more  than 
thirty  or  forty  miles  with. 

Thk  President  : — It  depends  largely  on  what  you  have  in  your 
storage  battery  carriage. 

Mr.  Corson: — I  would  like  to  say  that  in  a  motor  carriage 
which  I  have  had  the  privilege  of  examining — an  electric  carriage 
— I  have  seen  the  meter  which  Mr.  Coho  describes  as  necessarv, 
which  tells  the  man  to  go  home. 

The  President  : — If  it  is  only  the  driver,  I  think  it  is  all  right. 
But  there  may  \)Q  other  people,  who  wish  to  go  on. 

Mr.  Joseph  Sachs  : — I  think  a  discussion  probably  of  tlie 
various  features  that  enter  into  the  construction  of  a  motor  car- 
riage in  general  might  be  of  interest.     Mr.  Kiker,  for  instance, 
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has  built  a  vehicle  possessing  a  number  of  very  peculiar  features, 
and  the  discussion  of  these  teatures  and  others  might  be  interest- 
ing. There  is  a  great  deal  more  than  the  mere  furnishing  of 
power  in  the  successful  motor  vehicle ;  and  while  probably  the 
power  may  be  over  50  per  cent.,  still  the  other  factors  are  very 
important. 

Mr.  Rikkr  : — In  reply  to  Mr.  Sachs  I  would  say  that  there  is, 
of  course,  a  great  deal  more  in  the  electric  carriage  than  just 
simply  the  storage  battery.  But  my  object  was  to  see  if  we 
could  not  get  somebody  in  the  storage  battery  line  to  make  an 
improvement  there.  We  think  that  the  rest  of  the  carriage  is 
all  right. 

Mr.  Sachs  : — If  you  look  at  it  from  the  electrical  side. 
'  Mr.  Riker  : — Of  course  the  horseless  vehicle  must  be  built 
diflFerently  from  the  vehicles  we  have  been  accustomed  to,  drawn 
by  horses.  In  the  first  place  is  is  a  vehicle  that  carries  its  own 
propelling  power  and  relies  on  traction  to  take  it  over  the 
ground,  and  there  is  no  necessity,  so  far  as  I  can  see,  of  building 
a  high  vehicle.  Our  new  designs,  in  fact,  call  for  a  low  vehicle. 
We  also  advocate  the  use  of  small  wheels,  using  in  our  new 
machine  36-inch  rear  wheels  and  32-inch  front  wheels.  I  had 
hoped  to  be  able  by  this  time  to  give  the  data  on  our  new 
carriage ;  but  as  I  said  before,  it  is  not  finished  yet,  through  de- 
lays of  construction  and  other  causes.  But  our  object  has  been 
to  produce  a  small,  light  electric  vehicle  that  has  a  range  of 
about  forty  miles  on  a  single  charge  of  the  battery.  A  vehicle 
constructed  for  this  work,  with  a  capacity  of  two  passengei-s  and 
an  average  speed  of  ten  miles  an  hour  over  ordinary  roads  will 
weigh,  complete,  about  1400  pounds.  Of  course,  the  principal 
weight  here  is  the  battery.  We  advocate  the  use  of  pneumatic 
tires  and  large  ones,  and  the  simplest  form  of  running  gear — 
single  motor  equipment — and  we  are  trying  on  our  new  machine 
a  device  that  is  practically  on  the  order  of  a  back  gear  on  a  lathe, 
so  that  when  we  strike  snow  or  very  heavy  grades,  instead  of 
taking  too  heavy  a  discharge  on  our  battery,  we  can  run  our 
motor  at  its  highest  economy  and  reduce  the  speed  of  our  vehicle 
to  such  a  point  that  we  will  get  the  best  results.  This  is  all  op- 
erated automatically,  so  that  there  is  a  simple  lever  to  make  all 
the  changes.  We  also  believe  that  the  electric  carriage,  as  Mr. 
Coho  said,  has  to  be  operated  nearly  automatically  and  to  take 
care  of  itself.  We  have  tried  to  make  this  one  so ;  so  that  in 
case  a  man  happens  to  get  a  little  tired  and  runs  the  carriage  up 
against  a  stone  wall  or  something,  forgetting  to  turn  oft  the  cur- 
rent, that  the  batteries  will  not  stand  and  discharge  and  the  first 
thing  we  know  we  have  a  wreck.  We  have  provided  a  device 
that  takes  care  of  that.  Also,  in  case  he  gets  rattled  and  forgets 
to  cut  off  the  current  and  put  on  the  bralke,  which  is  sometimes 
done  at  close  quarters,  it  will  cut  the  current  off  and  bring  the 
carriage  to  a  stop.     I  know  of  an  electric  vehicle  now  that  ia 
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being  made  in  which  they  are  trying  to  overcome  that  difficulty 
of  running  out  of  a  charge,  and  in  fact  I  believe  they  have  it  ar- 
ranged 80  that  an  instrument  on  the  dashboard  indicates  when  it 
is  time  to  go  home.  It  shows  the  amount  of  current  left  and 
the  amount  of  current  consumed.  The  same  device,  I  believe, 
when  in  charging,  puts  the  required  amount,  over  and  above 
what  has  been  taken  out  of  the  batteries,  back ;  so  that  the 
machine  can  be  looked  after  by  anybody,  and  the  question  of 

Jutting  25^  more  in  than  has  been  drawn  out  is  not  necessary, 
t  is  attended  to  automatically.  The  steering  gear  in  a  motor 
carriage  is  another  point  that  is  sometimes  overlooked.  There 
have  been  a  great  number  of  very  peculiar  devices  proposed.  I 
think  the  general  tendency  is  to  adopt  the  style  of  hinging  the 
wheels  at  the  hub,  or  pivoting  the  wheels  at  the  hub,  so  that  the 
two  wheels  turn  on  their  own  independent  steering  head  or  fifth 
wheel,  avoiding  any  of  the  great  leverage  exerted  by  a  fifth 
wheel  device,  in  which  when  one  wheel  strikes  a  rock  or  obstruc- 
tion it  tends  to  throw  the  carriage  from  its  course.  Our  new  de- 
vice is  such  that  we  can,  in  fact,  go  over  an  obstruction  of  three 
or  four  inches  with  one  wheel,  nothing  under  the  other,  without 
a  tendency  to  throw  the  wheels  whatever. 

I  do  not  know  what  other  points  there  are  to  bring  up.  But 
I  think  there  are  some  gentlemen  here  who  could  give  us  some 
interesting  data,  if  not  on  the  electric,  on  the  gasoline  vehicle. 

Mr.  Coho  : — I  should  like  to  ask  Mr.  Riker  whether  he  has 
ever  made  any  tests  showing  what  the  difference  of  current  was 
on  macadamized  and  asphcilt  roads;  that  is,  on  ordinary  days — 
not  when  there  is  mud. 

Mr.  Hiker: — We  have  made  some  few  tests  in  regard  to  that 
matter,  and  we  find  that  on  an  ordinary  Belgian  pavement  the 
power  consumed  is  about  the  same  as  on  the  asphalt,  and  they 
are  slightly  less  than  good  macadamized  roads.  Whether  the 
friction  of  the  large  surface  of  the  pneumatic  tire  on  a  macadam- 
ized road  offers  more  resistance  or  not  I  do  not  know ;  but  it 
seems  to  be  so — that  the  Belgian  block  and  asphalt  offer  about 
the  same  amount  of  resistance  to  the  vehicle. 

The  President  : — May  1  ask  the  advantage  of  a  bicycle  wheel 
instead  of  an  ordinary  wlieel  ? 

Mr.  Riker  : — Do  you  mean  instead  of  a  wooden  wheel  ? 

The  President: — Yes. 

Mr.  Riker: — Well,  the  use  that  the  wooden  wheel  has  been 
put  to  has  simply  been  to  carry  loads,  and  from  the  mere  fact 
that  every  wooden  wheel  is  run  with  radial  spokes,  the  tendency 
is,  when  driving  from  your  hub  up,  or  your  axle  up,  to  twist  the 
spokes  off.  We  were  using  a  radial  wire  wheel  and  with  some 
tangential  spokes  to  it,  but  we  had  an  accident  one  night  and  we 
twisted  the  wheel  all  to  pieces.  The  tangential  spokes  did  not 
hold.  And  I  think  that  in  a  motor  veliicle  it  is  absolutely 
imperative  that  wire  wheels  should  be  used,  for  a  number  of 
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reasons.  We  are  building  not  merely  a  carriage  but  a  machine 
now,  and  wood,  as  a  general  rule,  is  not  very  largely  used  in 
machine  construction.  We  can  get  a  lighter  wheel  and  a  very 
much  more  stable  wheel  with  the  wire  construction,  and  there  is 
no  doubt  but  that  the  driving  wheel  should  have  tangential 
spokes  instead  of  radial  spokes. 

Mr.  Sachs  : — Some  time  ago  I  had  occasion  to  look  into  the 
general  art  of  motor  vehicles,  and  I  collected  a  lot  of  data  re- 
lating to  the  subject.  There  are  numerous  essential  features  to 
be  considered  in  the  construction  of  a  self-propelled  road  vehicle, 
aside  from  the  motor.  A  great  many  of  these  considerations 
certainly  do  not  refer  particularly  to  the  electric  vehicle.  In 
broadly  considering  the  motor  carriage,  if  I  may  consider  it  in 
that  light  under  the  present  discussion,  I  find  that  the  following 
features  should  be  taken  up :  first,  certainly,  the  design  of  the 
body,  the  motor,  the  gearing — unless  the  motor  is  directly  con- 
nected, and  I  understand  there  is  some  work  being  done  in  the 
direction  of  direct-connected  electric  motors,  the  armature  being 
directly  connected  to  the  wheel  spokes.  The  controlling  mechan- 
ism, in  which  direction  electrical  devices  surpass  all  others.  The 
disposition  of  the  machinery  in  the  vehicle  plays  a  very  import- 
ant part.  Tlie  general  operation,  care  and  attendance,  is  certainly 
most  ideal  in  the  electric  vehicle.  The  cost  of  operation,  facility 
of  renewing  the  ]K)wer-generating  material,  and  the  wear  and 
depreciation  of  tlie  power  element.  The  disturbing  and  inter- 
fering qualities — these,  as  compared  to  other  vehicles,  are  in  the 
electric  vehicle  practically  nU,  The  comfort  and  freedom  from 
objectionable  features  to  the  occupants  in  the  electrical  vehicle 
are  also  ideal. 

The  appearance  of  the  vehicle :  Mr.  Riker's  design,  consid- 
ered as  a  self-propelled  vehicle,  is  certainly  very  handsome. 
Speed,  grade-climbing  ability,  weight,  and  in  fact  all  other  ele- 
ments which  enter  into  a  traction  vehicle.  Safety  should  come 
into  consideration  primarily.  And  here  again  the  electric  ve- 
hicle is  certainly  the  most  ideal. 

As  Mr.  Riker  has  said,  we  cannot  follow  the  horse-drawn 
vehicle  in  the  construction  of  a  motor  wagon,  for  the  simple 
reason  that  our  problem  is  a  radically  different  one.  We  have  a 
traction  vehicle  and  not  a  vehicle  that  is  pulled  or  pushed  ;  a 
vehicle  that  must  furnish  its  own  propelling  energy  from  self- 
contained  power. 

Having  chosen  the  general  design  of  the  vehicle  body  and  the 
particular  form  of  motor,  the  construction  of  the  frame  is 
important ;  and  I  find  that  both  in  Europe  and  tliis  country  the 
most  advanced  workers  in  this  direction  have  adopted  a  tubular 
steel  frame  construction,  somewhat  of  the  bicycle  tube  type.  I 
also  find  that  theie  is  a  tendency,  more  or  less,  to  devise  a  sep- 
arate truck ;  a  truck  carrying  the  motor,  and  probably  in  some 
cases  the  entire  power  mechanism,  and  so  equip  this  truck  that 
it  can  be  fitted  with  almost  any  design  of  vehicle  body. 


10  ELECTRIC  VEHICLES,  [Jan  20, 

The  point  Mr.  Riker  made  in  regard  to  a  low  vehicle  is  cer- 
tainly a  correct  one,  because  a  vehicle  that  is  self-propelling  and 
is  required  to  turn  sharp  corners,  at  high  speed  at  times,  cannot 
be  top-heavy.     It  would  very  soon  turn  the  other  end  to  the 

ground  if  there  were  any  high  center  of  gravity.  Regarding 
le  power,  speed  and  capacity,  I  think  there  has  been  entirely 
too  much  attention  paid  to  the  question  of  high  speeds.  I  find 
that  the  public  interest  has  been  aroused  on  the  possibility 
of  traveling  from  one  point  to  another  at  lightning  speed.  The 
electric  or  any  other  motor  vehicle  is  not  solely  intended  as  a 
racing  machine.  I  believe  there  are  a  great  many  other  uses  to  be 
considered,  and  while  I  think  that  probably  a  very  high  speed 
vehicle  will  be  of  great  value  for  certain  purposes,  and  while 
high  speed  ought  to  be  possible  with  certain  classes  of  vehicles, 
the  majority  of  the  traveling  will  be  done  at  probably  10  or  15 
miles  an  hour.  I  do  not  consider  a  large  power  capacity  in  the 
motors,  or  too  much  of  an  ability  to  climb  steep  grades  at  maxi- 
mum speed  or  high  speed  advisable.  In  fact,  the  device  Mr. 
Riker  has  mentioned,  similar  to  the  back  gear  on  a  lathe,  clearly 
shows  that  it  is  essential,  even  with  an  electric  motor,  with  its 
very  flexible  power  capacity  above  its  normal  rating — that  even 
with  such  a  motor  it  is  better  to  apply  some  low-gear  apparatus. 

I  find  that  there  seem  to  be  many  mistaken  ideas  regarding 
where  to  place  the  most  weight.  Some  inventors  seem  to  have 
placed  the  entire  weight  of  the  machinery  on  the  steering  wheels 
instead  of  where  it  ought  to  be,  and  where  it  probably  could  be 
best  applied — over  the  driving  wheels. 

The  question  of  wheel  construction,  as  Mr.  Riker  mentions,  is 
a  very  important  one,  and  the  point  he  brought  out  is  probably 
the  principal  one  to  be  considered.  .The  wheel  of  a  motor 
vehicle  does  not  only  support  weight  and  resist  side  thrusts,  but 
has  got  to  be  used  as  a  propelling  agent.  There  is  a  force  ap- 
plied at  or  near  the  hub  which  must  be  exerted  through  the 
si)okes  to  propel  the  vehicle,  with  a  tendency  to  twist  the  spokes. 
The  majority  of  inventors  and  builders  have  tried  to  apply  the 
power  as  near  to  the  rim  of  the  wheel  as  possible.  In  fact,  I 
tound  a  device  some  days  ago  in  which  the  motor  was  geared 
directly  to  a  driving  gear  on  the  rim  of  the  wheel,  using  a  y^vy 
high  speed  motor.  I  find  that  wheels  have  been  built  to  rotate 
on  a  fixed  axle ;  that  is,  the  axle  being  rigidly  attached  to  the 
vehicle  body  ;  and  then  I  found  some  in  which  the  entire  axle 
and  wheels  rotate.  Both  of  these  constructions  necessitate  pecu- 
liar designs  in  the  gearing,  particularly  when  a  single  motor  is 
used. 

Regarding  wheel  tires,  I  find  that  pneumatic  tires  have  been 
almost  entirely  used,  although  many  of  the  European  vehicles 
still  adhere,  particularly  the  ^^  vehicle,  to  steel  tires,  and  in 
some  cases  wooden  wheels.  The  peculiar  advantage  which  is 
claimed  for  the  pneumatic  tire  is  its  ability  to  give  that  slight 
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flexibility  when  pasein^  over  or  striking  obstructions  directly,  or 
on  either  side  of  the  point  of  contact.  It  is  just  that  slight  flex- 
ibility which  to  a  great  extent  prevents  the  steering  wheels  from 
being  thrown  out  of  their  direction  or  from  the  stoppage  of  the 
vehicle  in  a  great  many  cases.  With  a  hard  wheel  the  entire 
vehicle  must  be  lifted  over  the  obstruction,  which  means  just 
such  an  expenditure  of  energy  as  is  necessary  to  lift  that  weight 
over  that  particular  height.  Certainly  a  great  deal  of  this  Js 
given  back  again  when  the  vehicle  drops  on  the  other  side,  and 
a  vehicle  of  this  kind  is  continually  striking  such  obstructions  to 
run  over.  Now  with  a  tire  having  some  flexibility,  such  as  the 
pneumatic  tire,  that  slight  flexibility  in  the  material  of  the  tire 
only  necessitates  the  vehicle  being  lifted  over  a  correspondingly 
smajler  height.  Side  thrust  pressure,  on  the  bearing,  is  also  ma- 
terially decreased  thereby. 

The  steering  appliances,  as  Mr.  Riker  has  stated,  have  been 
greatly  diversified,  and  in  some  cases  very  little  attention  seems 
to  have  been  paid  to  this  particular  item,  as  the  fifth  wheel 
method  seems  to  have  been  retained  in  some  vehicles ;  principally, 
however,  the  earlier  types.  The  main  point  in  the  steering  de- 
vice seems  to  be  to  make  the  leverage  between  the  pivotal  points 
of  the  steering  wheels  and  the  point  of  contact  on  the  wheel  tire 
as  short  as  possible,  so  that  the  energy,  whether  it  be  manual  or 
otherwise,  necessary  to  counteract  that  applied  at  the  wheel  rim 
when  striking  an  obstruction,  which  is  continuously  necessary  in 
running  along  a  rough  road  or  in  steering,  is  as  small  as  possible. 
The  fifth  wheel  construction,  or  the  pivoting  of  the  single  axle 
at  a  point  midway  between  the  wheels  gives  the  maximum  practi- 
cal distance  between  the  pivot  and  the  point  of  contact.  The 
tendency  seems  to  be  to  use  the  construction  adopted  by  Mr. 
Riker;  mounting  the  steering  wheels  on  short  axles,  each  pivoted 
separately  to  an  axle-tree,  close  to  the  wheel  hub.  In  some  cases 
the  pivotal  point  of  these  short  pivoted  axles  is  on  a  line  with 
the  contact  point  on  the  wheel  tire,  so  that  there  is  practically  no 
leverage  at  all  to  turn  the  wheel.  When  steering,  this  arrange- 
ment gives  the  vehicle  a  rather  peculiar  appearance,  but  this  device 
is  certainly  most  ideal.  Front  steering  wheels  are  most  generally 
used.  Tnere  are  some  advantages  claimed  for  the  rear  steering 
plan  adopted  in  some  vehicles,  but  I  am  not  particularly  familiar 
with  them.  In  either  case,  whether  front  or  rear,  the  tendency 
is  to  throw  the  weight  of  the  vehicle  onto  the  rear  wheel. 

Many  elements  must  be  considered  in  connecting  the  motor  to 
the  driving  wheels.  Many  of  these  apply  to  the  gas  and  steam 
motors  only.  Electric  motors  are  certainly  ideal.  Xotliing 
better  can  be  hoped  for,  particularly  with  a  single  reduction  or 
possibly  direct  connection  between  motor  and  wheels.  In  other 
motors  a  great  many  diflFerent  devices  have  been  used.  Some  of 
them  may  be  enumerated  as  follows :     Differently  speeded  gears 
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upon  the  main  shaft,  eacli  individual  gear  being  operated  by  a 
separate  clutch  and  a  cam  lever  or  similar  device  for  operating 
these  clutches.  By  shifting  the  lever  you  throw  in  one  or  tlie  other 
of  the  different  gears  and  thereby  obtain  different  speeds,  or  re- 
verse the  motion  with  the  motor  running  in  one  direction.  Instead 
of  having  a  number  of  small  clutches,  one  on  each  separate  gear, 
one  large  clutch  has  been  placed  on  the  main  shaft,  and  when  it 
is.necessary  to  change  the  speed,  this  clutch  is  thrown  out  and 
the  gear  shaft  or  sleeve  shifted  into  another  connection  with  the 
transmitting  gears  on  the  next  shaft,  and  then  the  clutch  thrown 
into  connection  again.  This  cumbersome  arrangement  is  used  in 
the  principal  European  motor  vehicles,  chiefly  in  those  employing 
the  Daimler  motor,  which  are  being  built  by  Messrs.  reugeot 
Freres,  and  Panhard  and  Levassor.  Then  there  are  different  ar- 
rangements of  separately  speeded  belts  with  either  clutches  or 
belt-shifting  devices,  cone  pulleys  and  belt-shifting  devices,  loose 
belts  and  an  idler,  consisting  simply  of  the  transmission  pulley 
and  the  power  pulley  over  which  a  single  belt  runs,  this  belt  being 
tightened  or  loosened  by  means  of  the  idler,  another  belt  being 
used  for  reversing.  There  are  various  arrangements  of  friction 
rollers  and  disks,  and  also  a  number  of  hydraulic  and  pneumatic 
gears.  Some  of  the  hydraulic  gears  use  a  pump  of  some  kind 
operated  by  a  motor,  and  the  pump  operates  hydraulic  motors 
geared  to  the  wheel. 

The  brake  of  a  motor  vehicle  certainly  is  an  important  factor. 
The  tendency  in  this  direction  appears  to  be  to  apply  the  brake 
upon  some  separate  brake  pulley,  upon  either  the  motor  shaft  or 
upon  some  transmission  shaft  between  the  wheels  and  the  motor. 
Braking  upon  the  tires,  particularly  with  pneumatic  tires,  very 
rapidly  wears  the  tires  and  is  not  to  be  advised.  With  the  elec- 
tric vehicle,  dynamic  braking  may  be  considered,  and  various 
electric  devices  can  be  devised  for  braking  purposes. 

I  wish  to  mention,  in  view  of  the  fact  that  we  all  consider  the 
electric  vehicle  the  most  ideal,  that  there  are  various  vehicles — 
steam  vehicles  included — that  seem  to  have  attained  particular 
success.  I  may  say  that  so  great  an  authority  as  Sir  David  Salo- 
mons has  lately  taken  up  and  developed  a  peculiar  type  of  steam 
vehicle.  This  vehicle  is  known  as  the  Serpollet  steam  carriage, 
and  is  most  peculiar  in  its  operation,  being  provided  with  a  boiler 
of  the  instantaneous  type.  The  tubes  of  this  boiler  consist  of 
verv  heavy  flattened  steel  tubes  which  are  then  jacketed  over  by 
an  iron  casing,  and  the  flat  opening  of  these  tubes  is  probably 
an  inch  or  two  long  and  probably  one-sixteenth  of  an  inch 
high.  The  water  used  for  generating  steam — the  boiler  normally 
carrying  no  water  whatever  unless  it  is  in  operation — is  forced 
into  the  boiler.     This  water  is  forced  into  the  tubes  by  the  hand 

f)ump  at  tirst,  and  steam  is  instantaneously  generated,  super- 
heated, and  then  passes  directly  into  the  engine  cylinders.   After 
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the  engine  is  in  motion  a  small  pump  forces  water  into  tlie  boiler 
tubes.  As  the  energy  of  the  motor  depends  upon  the  amount  of 
steam  generated  and  consequently  upon  the  amount  of  water 
forced  into  the  boiler,  the  amount  of  water  is  regulated  by  means 
of  a  regulating  valve,  the  pump-stroke  remaining  fixed,  and  the 
valve  has  a  by-pass  so  that  the  water  that  is  not  forced  into  the 
boiler  passes  back  again  into  the  reservoir. 

Regarding  gas  motor  vehicles,  it  is  unnecessary  for  me  to 
bring  up  the  various  objections  that  have  l)een  urged  against 
such  vehicles.  I  may  say  that  acetylene  is  being  tried  bv  vari- 
ous inventors,  and  I  believe  there  have  been  some  results  ob- 
tained. 

The  bad  features  of  gas  vehicles  may  be  enumerated  as  fol- 
lows :  They  are  not  self-starting.  They  cannot  start  with  any 
load.  They  give  only  full  load  and  no  excess  of  flexibility,  and 
I  think  that  this  is  one  of  the  prime  defects  of  gas  motor  ve- 
hicles— the  fact  that  when  going  at  the  maximum  rated  capacity, 
if  a  sudden  demand  is  made  upon  them  for  an  excess  of  power 
above  that  which  the  motor  is  capable  of,  the  vehicle  stops  short 
unless  its  momentum  is  great  enough  to  force  it  over  that  ob- 
struction. Certainly,  in  the  majority  of  cases,  probably  it  will 
run  right  over  any  obstruction  that  ordinarily  will  be  met  with. 
But  there  may  be  cases  where  bad  roads  will  be  struck,  and  sim- 
ilar instances,  where,  unless  the  speed  gearing  is  changed  imme- 
diately before  striking  such  a  place,  the  motor  will  stop  short 
and  it  will  be  very  difficult  to  start  it  up.  I  have  noted  this 
action  particularly  in  some  of  these  vehicles,  and  found  that  this 
occurred  several  times  during  a  recent  trip.  Certainly  the  com- 
plicated gearing  and  the  power  lost  therein,  and  that  the  motor 
must  run  continuouslv  after  once  started  must  be  noted.  If  vou 
stop  for  a  time,  you  have  got  that  continuous  running  of  the 
motor,  pouring  forth  its  fumes  and  deposits.  I  think  that  the 
promoters  of  this  tyw  of  vehicle  claim  that  they  will  and  have 
already  partly  remedied  this  defect. 

In  engines  using  the  heavier  oils,  the  clogging  up  of  the 
mechanism  by  deposits  is  to  be  particularly  noted,  as  well  as  the 
odors  which  come  from  the  engine  exhaust.  I  would  say,  in  re- 
gard to  the  many  parts  and  tlie  delicate  mechanism  of  the  gas 
engine,  and  the  fact  that  an  engine  of  this  type  ought  to  be  built 
as  heavy  as  possible  for  the  duty  it  does,  that  it  seems  most  pe- 
culiar that  some  of  the  European  vehicles  were  able  to  go 
through  the  extremelv  long  journeys  which  in  some  races  in 
France  amounted  to  hundreds  of  miles.  Thev  had  some  acci- 
dents,  but  still  the  same  motor  held  out,  with  the  necessary  re- 
pairs. Some  gas  motor  vehicles  have  been  built  which  ap- 
parently operate  with  fair  success.  The  Duryea  motor  vehicles 
m  this  country,  and  the  Panhard  and  Levassor,  Pengeot  Freres, 
Benz  and  others  in  Europe,  have  attained  quite  some  prom- 
inence. 
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I  would  like  to  ask  Mr.  Riker  about  one  point  in  connection 
with  electric  vehicles,  and  that  is  this — why  he  prefers  the 
single  motor  construction  to  the  double  motor  construction. 
Certainly  both  have  their  advantages,  and  it  may  be  interesting 
to  have  from  him  his  reasons  for  using  one  or  the  other.  I  also 
wish  to  note  that  while  the  storage  battery  to-day  is  probably  the 
only  method  adapted  to  supply  electric  energy  to  the  electric 
motor  for  this  purpose,  that  probably  there  may  be  something 
done  in  some  other  direction.  I  do  not  particularly  allude  to  the 
possibility  of  generating  electric  current  by  direct  chemical 
means  or  by  means  of  heat  or  some  siihilar  method.  We  may 
consider  in  one  sense  the  electric  motor  as  an  excellent,  in  fact 
as  a  prime  method  of  tranforming  electric  energy  into  actual 
mechanical  power.  If  we  now  devise  some  better  method  of 
actually  generating  the  energy,  some  combination  might  be 
made  which  would  eliminate  the  storage  battery  entirely.  It 
may  seem  like  taking  away  a  bad  element  and  substituting 
something  worse ;  but  there  may  be  more  in  the  direction  of 
combining  a  small  dynamo,  driven  by  a  gas  engine,  with  an  elec- 
tric motor,  than  would  at  first  appear. 

Mr.  Riker: — I  do  not  think  Mr.  Sachs  is  probably  aware, 
when  he  makes  the  remark  about  the  steam  carriage,  that  Count 
de  Dion,  who  has  probably  done  more  experimenting  with  the 
steam  vehicle  than  any  other  man,  in  an  article  the  other  day 
stated  that  he  considered,  for  country  work  or  very  heavy  work 
outside  of  city  limits,  that  a  steam  tractor,  as  he  called  it,  would 
be  preferable  to  a  vehicle  carrying  the  motive  power  within 
itself.  He  also  went  on  to  state  that  he  considered,  after  a  num- 
ber of  years  experimenting  on  both  petroleum  and  steam  vehicles, 
that  he  was  working  on  an  electric  carriage  for  city  work,  and 
that  his  hopes  for  the  future  lay  in  the  electric  carriage. 

In  regard  to  prefering  the  single  motor  equipment  Mr.  Sachs 
believes  there  is  a  word  to  be  said  in  favor  of  both  these  con- 
structions. I  think  the  greatest  point  in  favor  of  the  single 
motor  equijnnent  is  its  first  cost.  Of  course,  in  experimenting, 
we  do  not  care  what  our  carriage  costs — the  first  one.  But  when 
we  intend  to  put  a  practical  commercial  machine  on  the  market, 
we  have  got  to  look  at  what  we  can  sell  these  carriages  for,  and 
there  is  certainly  a  great  difference  between  building  two  smaller 
motors  and  one  larger  one.  The  eflBciency  also  is  in  favor  of  the 
single  motor,  and  the  weight  is  in  favor  of  the  single  motor. 
The  regulation  can  be  accomplished  with  e.  single  motor  the 
same  as  with  a  double  equipment,  grouping  the  cells  and 
changing  it  in  that  way.  The  only  objection  to  the  single  motor 
equipment  as  compared  with  the  double  one  is  that  in  case  any- 
thing should  happen  to  one  of  the  motors,  in  the  ease  of  the 
double  equipment,  you  have  another  one  to  come  home  with. 
But  we  found  that  the  motors  very  rarely  gave  out ;  it  was  a 
question  of  something  else — of  which  we  did  not  have  a  double 
•equipment. 
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Mb.  Sachs  : — I  must  say  that  I  did  not  notice  this  recent  com- 
munication of  the  Count  de  Dion.  But  I  am  quite  familiar  with 
the  class  of  vehicle  that  he  has  been  promoting  or  working  on. 
One  vehicle  is  a  very  heavy  affair ;  and  in  another  case,  a  light 
tricycle.  In  both  cases  ordinary  steam  generators  are  used, 
carrying  water  at  all  times  and  a  large  amount  of  fuel.  I  hardly 
believe  success  will  be  attained  in  this  direction  for  various 
reasons  In  the  first  place,  you  have  the  generation  of  steam 
constantly  goine  on  which  necessitates  automatic  firing.  Auto- 
matic water  feeding  is  essential,  and  blowing  off  steam  when  the 
engine  is  stopped  would  be  absolutely  objectionable.  The  danger 
of  explosions  exists  to  some  extent  unless  all  these  devices  work 
perfectly.  Feeding  and  regulating  the  fuel  automatically  is  a 
very  difficult  thing  to  accomplish  satisfactorily  even  with  oil  fuel. 
In  fact  there  are  a  number  of  other  objections  that  may  be 
brought  against  this  class  of  vehicles.  But  when  I  spoke  of  steam 
vehicles  I  meant  the  type  in  which  instantaneous  generation  or 
similiar  boilers  are  usea.  I  have  not  any  exact  data  regarding 
the  Serpollet  vehicle,  but  from  the  information  I  can  gather, 
this  particular  type  of  boiler  is  being  developed,  in  France 
particularly,  and  numerous  applications  are  being  made,  not  only 
to  motor  vehicles  but  for  other  purposes.  The  results  obtained 
from  this  type  of  steam  generator  have  been  excellent.  I  noticed 
some  time  ago  in  an  article  appearing  in  Electrical  Engineermg^ 
written  by  Mr.  Summers,  the  statement  that  the  results  obtained 
with  the  Serpollet  steam  generator  very  closely  approximate 
those  that  can  be  obtained  with  compound  condensing  engines. 

With  this  type  of  motive  power,  you  at  once  obviate  a  great 
many  of  the  objections  to  steam  vehicles,  and  if  the  device  does 
not  aepreciate  too  severely,  is  not  too  expensive,  and  is  safe,  as 
it  would  seem  to  be  under  ordinary  conditions,  I  think  that  there 
is  more  than  an  ordinary  chance  of  a  vehicle  of  this  type  coming 
in  for  some  success.  1  do  not  mean  to  say  for  a  moment  that  1 
do  not  believe  that  the  electrical  vehicle  in  every  way,  is  the 
ideal,  if  we  leave  the  question  of  long  distances  out  of  the  prob- 
lem entirely.  If  we  simply  want  to  make  a  trip  about  town,  or 
if  we  want  a  carriage  for  pleasure  purposes  to  take  a  short  ride 
for  an  hour  or  so,  I  do  not  think  there  is  anything  that  can  sur- 
pass an  electric  vehicle,  allowing  that  a  fairly  satisfactory  battery 
IS  adopted.  We  must  however  have  vehicles  to  travel  greater 
distances  than  the  ordinarv  electric  vehicle  in  its  present  con- 
dition is  capable  of,  and  t  think  that  steam  comes  in  for  more 
than  an  ordinary  share  of  the  probability. 

The  Secretary  : — It  mav  be  of  some  interest  to  know  that 
the  type  of  boiler  referred  to  by  Mr.  Sachs  was  brought  to  my 
attention  seven  or  eight  years  ago  in  the  form  of  a  model.  It 
was  a  y^ry  simple  affair  and  the  whole  arrangement  was  easily 
understood,  but  I  had  heard  nothing  of  it  since  and  I  supposed 
there  was  some  practical  objection  to  it. 
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We  have  with  us  this  evening  as  a  guest,  Mr.  Vau  Hoevenbergh, 
who  is  an  inventor  of  a  good  many  years  experience  and  na& 
taken  an  interest  in  this  subject,  not  as  a  maker  of  electric  vehi- 
cles, but  as  a  prospective  purchaser.  I  suppose  that  he  may  be  a 
competent  critic  of  electric  vehicles  as  they  appear  to-day.  I 
think  that  if  he  feels  at  liberty  to  say  anything  it  would  be  of  in- 
terest to  the  members. 

The  President: — Being  a  customer,  Mr.  Van  Hoevenbei^h 
will  probably  be  listened  to  with  a  great  deal  of  attention. 

Mr.  Henry  Van  IIoevenberoh  : — Mr.  President,  I  would  say 
merely  that  I  came  to  listen  to-night,  not  to  say  very  much.  But 
I  have  been  looking  for  an  electric  vehicle  for  some  time,  and  I 
have  examined  particularly  into  horseless  carriages  of  all  kinds. 
The  objections  we  have  heard  to-night  to  them  I  think  may  be 
summed  up  very  easily:  In  that  the  steam  vehicles  are  noisy; 
that  they  require  an  engineer  of  a  good  deal  of  experience  \o 
take  care  of  them,  and  that  they  are  very  complicated — at 
least  all  that  have  been  produced  so  far  have  been.  The  gas- 
oline and  naphtha  vehicles  have  been  pretty  thoroughly  tried, 
somewhat  in  America  and  more  in  France.  In  one  of  their 
races  50  vehicles  were  entered,  and  the  race  was  from  Paris  to 
Marseilles  and  return,  which  was  1,005  miles.  The  wonder  of 
it  was  that  the  greater  portion  of  them  made  the  entire  trip  suc- 
cessfully, but  they  ran  across  quite  a  number  of  obstacles  that 
have  not  been  brought  to  notice  to-night.  For  instance,  there 
were  no  less  than  14  doge  sacrificed  to  science  during  that  trip. 
One  of  those  dogs  was  drawn  into  the  machinery  and  so  thor- 
oughly ground  up  that  the  carriage  had  Uy  be  taken  aside  and 
thoroughly  cleaned,  and  the  bones  and  head  and  so  forth  com- 
pletely eliminated  before  it  could  proceed.  Another  of  the 
vehicles  was  charged  by  an  enmged  bull,  and  the  engineer  was 
tossed  over  into  a  field.  Still  another  one  was  upset  while  dis- 
puting the  right  of  way  with  a  cow.  The  two  retired  from  the 
race  immediately.  But  leaving  those  out  of  account,  the  rest 
seemed  to  be  very  successful.  One  of  them  was  tried  by  a  mem- 
ber of  a  New  York  firm.  It  made  the  trip  from  Albany  to  New 
York  and  return,  which  practically  wore  the  vehicle  out,  to  be- 
gin with.  It  was  said  further  that  it  frightened  Qwevy  horse 
that  came  within  range,  besides  leaving  behind  it  an  odor  that 
could  almost  be  seen  ;  so  that  naphtha  vehicles  seem  to  have  to 
sit  down  in  their  turn. 

To  the  ele(rtric  vehicles,  I  think,  with  Mr.  Riker  and  others, 
we  must  look  for  the  successful  vehicle  of  the  future.  All  of 
those  propelled  by  naphtha,  steam,  or  any  motive  power  of  that 
kind,  are  always  going  to  re(juire  very  exi)erienced  men  to 
handle  thein.  They  should  really  have  an  engineer  and  a  driver 
besides,  which  is  entirely  imi)racticable  for  ordinary  pleasure 
vehicles.  But  the  electric  vehicle,  perfected  as  it  undoubtedly 
will  be  ill  one  way  or  another,  would  re(|uire  just  simply  a  driver, 
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who  with  one  lever,  which  perhaps  he  might  turn  from  side  to 
side  to  guide  his  vehicle,  and  depress  or  lower  it  to  regulate  the 
speed,  seems  to  be  the  vehicle  that  is  going  to  be  successful. 

But  there  is  another  little  side  line  that  I  have  been  interested 
in  for  some  time  that  perhaps  may  be  interesting  to  some  present ; 
that  is,  for  fixed  stage  lines  that  go  backward  and  forward  every 
day  over  exactly  the  same  routes,  and  that  need  never  diverge 
more  than  to  one  side  of  the  street  or  the  other,  the  trolley  might 
be  adopted  with  advantage.  The  great  disadvantages  so  far  have 
been  that  in  the  first  place  there  can  be  no  ground  return  wire, 
of  course.  Therefore  it  must  be  a  double  conductor,  and  the 
double-conductor  trolleys  have  been  anything  but  a  success  so 
far.  But  it  is  possible  to  produce  a  double  trofley  vehicle  which 
shall  have  these  advantages ;  that  in  the  first  place  it  shall  re- 
quire but  a  single  pair  of  conductors  to  propel  it;  that  the 
vehicle  shall  have  the  whole  range  of  the  road,  and  that  it  shall 
be  possible  for  two  vehicles  to  pass  each  other  on  the  same  set 
of  conductors.  I  know  that  sounds  something  like  the  train 
which  was  proposed  by  that  crazy  joker  who  died  in  France  not 
very  long  ago,  who  proposed  to  the  society  of  engineers  there, 
in  all  gravity,  a  train  provided  with  inclined  planes,  so  that  when 
two  trains  ran  together,  instead  of  knocking  each  other  to  pieces, 
one  would  simply  run  over  the  other,  down  the  opposite  side, 
and  go  on.  That  resemblance,  however,  is  only  fanciful.  In 
the  plan  that  I  propose,  the  carrier  is  supported  entirely  upon 
one  wire ;  it  is  clamped  to  it  and  runs  upon  it.  It  has  an  arm 
reaching  over  to  the  other  trolley  wire  and  making  the  other 
connection.  One  of  the  trolley  carriers  runs  on  one  wire  and 
one  on  the  other.  When  the  two  come  together  the  flexible 
arms  just  simply  allow  the  others  to  pass,  and  they  go  on  again, 
the  connection  being  broken  but  for  a  very  short  time.  That 
has  been  very  successfully  tried  in  laboratory  tests ;  whether  it 
will  be  a  success  when  put  on  the  road  is  another  thing,  although 
it  looks  very  favorable  at  the  present  time.  I  don't  know  that 
I  have  anything  else  that  would  be  of  interest. 

The  President  : — I  think  it  is  rather  important  to  know  ex- 
actly what  the  problem  is  that  is  presented  here.  As  I  say,  I  have 
seen  data  that  showed  that  the  ordinary  vehicle  in  city  use  and 
even  in  country  use  does  not  go  more  than  thirty  miles  a  day. 
So  if  you  can  get  a  vehicle  that  will  run  thirty  miles  in  24  hours, 
it  will  fulfil  pretty  much  all  that  is  required.  But  if  anybody 
has  any  data  about  that,  I  would  be  very  glad  to  hear  about  it. 

Mr.  C.  E.  Duryea  : — It  was  quite  late  when  I  learned  of  this 
meeting.  It  was  all  I  could  do  to  get  here,  and  I  did  not  expect 
to  make  any  remarks.  There  are  some  points  presented  however, 
that  I  would  be  pleased  to  take  up.  In  the  matter  of  construc- 
tion, I  wish  to  say  a  few  words  about  the  truck  system.  It  is,  I 
think,  the  cheaper  plan  to  put  the  motor  on  the  truck,  leaving 
the   body   free.      The  truck  is  the  handiest  place  to  attach  the 
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motor.  It  is  also,  I  think,  a  matter  of  common  observation  tliat 
the  new  inventor  in  this  line  begins  by  putting  the  motor  on  tlie 
truck.  But  a  little  experience  in  carriage  building,  such  as  could 
be  had  by  inquiring  of  some  coach  or  stage  builder,  will  show  the 
inad visibility  of  puttine  the  motor  on  the  truck  because  of  the 
constant  vibration  to  wnich  the  necessary  machinery  for  the  motor 
vehicle  must  be  exposed,  if  so  near  the  ground,  f'or  an  example 
of  what  I  mean,  a  prominent  coach  builder  stated  that  he  had 
seen  a  f '  iron  bolt  worn  completely  off  by  the  rattling  of  the  nut 
which  happened  to  be  loose,  and  yet  the  bolt  was  riveted  over  so 
that  the  nut  could  not  fall  off.  It  just  jiggled  around  there  until 
it  cut  the  bolt  off  entirely.  That  is  a  specimen  of  what  constant 
pounding  over  the  road  subjects  a  truck  to.  So  if  we  are  to  build 
vehicles  which  will  give  satisfaction  in  use,  we  onght  to  put  the 
machinery  in  some  more  satisfactory  place — perhaps  not  so  satis- 
factory to  the  user,  but  necessary  in  order  to  have  the  machine 
better  cared  for. 

The  question  of  odor  is  one  that  has  been  brought  to  our  atten- 
tion very  prominently  in  the  last  few  years,  because  we  have 
been  experimenting  almost  wholly  with  those  odor-making 
machines — Msoline  vehicles,  and  we  have  urged  several  things 
that  we  think  are  quite  pertinent.  We  do  not  consider  a  gasoline 
motor  so  objectionable,  in  respect  to  odor,  as  the  average  horse, 
and  we  think  that  is  a  sufficient  answer.  We  have  a  motor  that 
we  believe  makes  a  less  objectionable  odor  than  that  behind 
which  the  public  are  riding  to-day,  and  we  do  not  ask  the  public 
to  ride  behind  our  motor.  In  our  vehicles  they  sit  in  front  of  the 
motor,  and  if  they  are  behind  the  motor  at  other  times,  it  is  their 
fault  and  not  ours.  As  a  matter  of  fact  we  are  pushing  forward 
experiments  in  the  line  of  eliminating  odor,  and  we  think  we  will 
succeed  in  getting  rid  of  so  much  of  it  that  it  will  not  be 
objectionable. 

The  automatic  feature  that  Mr.  Hiker  spoke  of  is  another  point. 
Two  or  three  times  in  my  life  I  have  needed  small  power  and 
have  been  unfortunate  enough  to  have  to  watch  it  myself,  and  I 
secured  some  of  those  things  that  were  automatic — automatic 
steam  engines.  They  were  supposed  not  to  need  attention,  and 
the  great  and  peculiar  feature  I  found  with  them  was  that  when 
you  were  not  looking  at  them  they  went  wrong.  The  minute 
you  turned  your  back  something  went  wrong ;  the  automatic 
part  failed  to  work ; — it  was  not  automatic ;  and  therefore,  I 
believe,  the  more  you  can  put  the  entire  machine  under  the  con- 
trol of  an  operator  the  better,  making  it  simple  enough  so  that 
an  ordinary  intellect  can  comprehend  the  whole  thing.  We 
drive  horses  with  two  reins.  We  can  drive  a  horse  with  one 
rein.  We  can  drive  a  horse  without  any  rein.  We  used  to  drive 
our  oxen  with  nothing  but  a  whip.  But  we  find  that  two  reins 
are  better.  We  find  it  is  better  for  a  man  to  have  a  little  more 
control  of  the  animal.      And  I  think  the  same  is  true  of  the 


1897.]  A  TOPICAL  DISCUSSION.    NEW  70RK,  !• 

motor  vehicle — the  man  ought  to  have  full  control  of  it  at  all 
times,  and  automatic  devices  are  objectionable. 

In  the  matter  of  wheels — when  we  took  up  the  motor  vehicle 
problem,  we  did  not  wish  to  introduce  anv  more  talking  points, 
or  rather  objectionable  points  than  we  could  help.  We  found 
that  the  ordmary  horse  vehicle  had  wooden  spoKCs.  They  had 
been  used  ever  since  Adam,  so  far  as  we  knew,  and  were  fairly 
good.  We  used  them  simply  because  we  did  not  want  to  experi- 
ment with  steel.  I  have  been  connected  with  the  bicycle  business 
a  little  bit  for  probably  fifteen  years,  and  we  have  used  in  that 
steel  wheels  almost  wholly,  and  we  find  that  the  spokes  of  the 
bicycle  cause  more  trouble  than  any  other  part,  except  possibly 
the  pneumatic  tire  that  came  in  recently,  simply  because  metal 
does  not  stand  constant  vibration  as  well  as  something  that  is 
more  elastic.  A  wooden  wheel  will  stand  more  pounding  over 
the  road  than  a  metal  wheel.  I  do  not  care  how  tight  you  make 
vour  metal  spokes,  they  will  rattle  loose,  unless  they  are  protected 
by  very  heavy  tires.  So,  other  things  being  equal,  you  will  find 
that  a  wooden  wheel  will  stand  up  better  than  a  metal  wheel. 
We  set  our  spokes  in  wooden  wheels  without  any  spread  at  the 
base  of  the  spoke.  In  the  steel  wheels  we  of  necessity  spread 
the  spokes  out,  which  places  them  in  a  much  more  advantageous 
position  than  the  wooden  spokes,  and  gives  them  an  unfair  ad- 
vantage over  the  wood.  If  you  were  to  put  the  wooden  spoke  in 
the  same  position,  you  would  find  it  all  right. 

As  to  the  matter  of  tangential  spokes  for  driving  purposes,  it 
will  be  found  that  the  strain  on  the  spoke  in  the  direction  of 
rotation,  due  to  applying  the  power,  is  less  by  far  than  the  strain 
on  the  spoke  endwise  of  the  axle — sidewise  of  the  wheel,  as  you 
turn  a  corner  suddenly,  or  slip  from  one  side  of  the  street  to  the 
other,  and  any  wooden  spoke  which  will  stand  the  sidewise  strain 
necessary  to  carry  a  motor  properly  will  also  stand  the  driving 
strain  applied  by  the  motor.  So  I  think  wooden  spokes  will  meet 
all  requirements,  and  that  unless  the  public  demands  them,  there 
is  no  occasion  to  use  metal  spokes.  1  do  not  say  this  because  we 
have  heretofore  put  out  wagons  with  wooden  spoked  wheels,  for 
we  have  built  some  metal  wheels  and  they  are  very  g^od  ones. 
We  have  not  had  any  that  "tied  themselves  in  knots'"  yet.  We 
have  had  enough  experience  with  bicycle  wheels  that  tied  them- 
selves in  knots  to  avoid  using  steel  wheels  for  motor  wagons. 
But,  personally  I  do  not  believe  in  the  metal  wheel. 

The  idea  of  carrying  a  gas  engine,  which  is  a  verj'  compact 
and  convenient  form  of  motor,  and  with  it  charging  a  storage 
battery  which  should  be  used  then  to  operate  the  motor,  so  as  to 
get  the  flexibility  of  speed  desirable,  has  been  used  to  some  ex- 
tent in  street  car  service.  A  man  by  the  name  of  Pattou — 1  be- 
lieve he  hails  from  Milwaukee — has  taken  out  several  patents  in 
that  line  and  used  that  system  to  some  extent,  I  believe,  without 
any  great  degree  of  success.  I  do  not  know  whether  the  fault  is 
with  Mr.  Patton  or  with  the  system.     I  simply  mention  the  fact. 
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The  matter  of  recharging  is  one  of  great  interest,  it  seems  to 
me,  to  the  public.  If  you  are  only  going  for  half-an-hour's  ride 
and  can  order  up  the  carriage,  it  does  not  matter  much  what  sys- 
tem you  have,  because  almost  any  carriage  will  run  half-an-hour 
if  it  IS  any  good  at  all.  But  for  private  use,  where  a  man  must 
look  out  for  that  himself,  it  is,  it  seems  to  me,  quite  a  question 
whether  he  has  to  put  in  several  hundred  pounds  or  perhaps  a 
thousand  pounds  or  so  of  new  load,  or  whether  he  only  puts  in  a 
few  pounds.  In  the  gasoline  wagon,  if  it  is  only  for  half-an- 
hour  or  an  hour's  ride,  there  is  no  occasion  to  change  the  water 
supply,  because  the  half-hour  or  hour's  run  in  the  gasoline  wagon 
will  not  sufficiently  heat  up  the  water  to  necessitate  any  change 
or  any  addition.  The  fuel  supply  for  half-an-hour  or  an  hour  is 
so  small  you  could  put  it  into  your  hat.  Therefore  there  is  little 
or  no  work  required  to  put  a  charge  into  the  wagon  and  none  to 
take  it  out,  because  the  motor  takes  it  out.  With  the  electric 
vehicle,  it  is  necessary  to  change  the  batteries  and  replenish  with 
new  batteries,  or  else  it  is  necessary  to  attach  some  sort  of  sujh 
ply,  and  wait  patiently.  With  the  compressed  air  system  of 
storage  it  is  possible  to  walk  up  to  a  stop-cock,  and,  according  to 
the  popular  idea,  turn  the  cock  and  you  are  full.  But  with  elec- 
tricity it  cannot  be  done  quite  so  quick,  which  is  the  unfortunate 
part,  it  seems  to  me,  of  the  electric  wagon— the  necessity  of  time 
for  charging.  We  have  given  some  thought  to  the  electric 
wagon,  but  tlie  experience  of  some  companies  which  have  spent 
several  hundred  thousand  dollars  in  trying  to  adapt  electric 
storage  batteries  to  street  car  service  has  discouraged  us,  and  our 
own  experience  with  electricity  has  not  been  favorable  to  bat- 
teries at  any  rate. 

The  question  of  steam  as  compared  with  gasoline  or  with  elec- 
tricity has  seemed  to  us  to  be  m  favor  of  the  gasoline  rather 
than  the  steam.  While  it  is  true  that  steam  is  a  very  flexible 
means  of  operating,  it  takes  probably  twice  the  amount  of  fuel 
to  generate  the  steam,  even  with  the  Serpollet  or  other  instan- 
taneous generator,  than  it  does  to  get  the  same  power  with  the 
gasoline  engine,  and  that  being  true,  the  item  of  expense  alone 
would  favor  the  gasoline,  although  the  expense  is  not  worth 
much  consideration  in  the  motor  veliicle.  Not  only  must  you 
have  more  fuel,  but  you  must  have  more  water,  unless  you  have 
some  form  of  condenser,  and  none  of  which  1  know  are  of  any 
account  for  wagon  service.  In  boat  service  we  can  get  a  con- 
denser because  we  have  water.  In  wagon  service  we  have  no 
water,  especially  on  a  hot  day  in  summer.  For  that  reason  gas- 
oline is  favored. 

Light  weight  seems  to  be  the  greatest  desideratum  of  a  motor 
vehicle.  The  reason  why  motor  vehicles  have  failed  for  the  last 
century  is  almost  wholly  because  tlieir  weight  has  been  so  great 
compared  with  their  power;  that  they  have  not  been  practical; 
and  that  which  offers  the  greatest  power  with  the  least  weight 
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would  seem  to-day  to  be  the  most  reliable  device,  regardless  of 
what  it  is.  Going  on  that  line  we  have  stuck  to  the  gasoline 
vehicles,  because  we  believe  they  are  by  far  lighter  than  either 
steam  or  electricity  for  a  given  power. 

Mr.  Rikeb: — Taking  up  the  subject  of  Mr.  Duryea's  first 
remark  in  regard  to  putting  the  motor  in  the  body  oi  the  car- 
riage and  not  in  the  tinick,  I  do  not  think  that  his  judgment  is 
quite  sound  there.  I  know  that  in  electric  railroads,  when  they 
were  first  proposed,  the  motor  was  placed  in  every  conceivable 
spot.  First  it  was  put  on  the  front  platform  of  the  car, 
and  then  it  was  put  in  the  middle  of  the  car,  dropped 
down  and  slid  up,  and  finally  ended  by  being  placed  right 
straight  on  the  axle,  and  that  is  the  accepted  design  to-day,  and 
I  do  not  tliink  that  the  electric  motor  builders  or  railway  people 
would  go  back  to  putting  the  motor  up  inside  the  car  or  suspend- 
ing it  on  the  running  gear.  They  would  prefer  to  go  right 
straight  down  onto  the  axle.  I  know  of  plans  proposed  and  used 
by  some  concerns  in  which  they  use  a  spring  suspension  to  do 
away  with  jar  and  vibration,  but  that  is  not  to  save  the  motor  as 
much  as  it  is  to  save  the  rail  joints.  The  pneumatic  tire  does 
away  with  a  great  deal  of  vibration,  and  it  would  seem  to  me 
that  it  was  not  the  fault  of  the  material  or  the  fault  of  the 
mounting  so  much  as  it  was  that  the  workmanship  was  not  as 
good  as  it  should  have  been,  to  have  vibrated  that  belt  off  in  the 
manner  he  stated.  I  have  known  such  things  to  happen,  but  I 
think  it  is  more  the  exception  than  the  rule. 

With  regard  to  the  odor  which  Mr.  Duryea  spoke  about,  I 
thought  that  was  the  thing  we  were  trying  to  get  rid  of  when 
we  got  rid  of  the  horse — that  was  one  of  the  objections  to  the 
horse.  We  want  to  get  rid  of  that  odor  entirely.  That  was  one 
of  the  features  that  the  horseless  carriage  offered — that  there 
were  no  unpleasant  odors  connected  with  it. 

As  regards  an  automatic  device  or  an  automatic  machine,  I 
think  1(&.  Duryea  has  lost  sight  of  one  of  the  prettiest  automatic 

f>ieces  of  machmery  that  I  know  of  to-day,  and  that  is  the  naphtha 
aunch.  There  is  an  engine  which  when  once  started  will  run 
and  take  care  of  itself  with  absolutely  no  attention  whatsoever. 
All  the  man  has  to  do  is  simply  to  light  the  fire,  turn  on  his 
valve  and  the  engine  will  nm  until  he  wants  to  stop  it.  There 
is  no  need  of  looking  at  any  pressure  gauge  or  anything  else.  It 
is  entirely  automatic.  Now  whether  such  a  device  can  be  applied 
to  a  motor  vehicle  without  involving  a  great  many  difficulties,  I 
do  not  know.  The  fact  of  not  having  water  for  condensing  pur- 
poses— there  would  have  to  be  some  other  system  used ;  but  it 
seems  to  me  that  a  system  of  air  could  be  used  similar  to  the 
condensers  that  are  being  proposed  now  and  are  used  for  electric 
lighting  stations.  The  question  to  my  mind  is  simply  in  regard 
to  the  electric  vehicle  being  a  success,  as  I  mentioned  to-night  in 
opening  this  discussion,  that  the  battery  was  responsible  for  all 
the  trouble  of  the  electric  vehicle,  and  I  think  the  battery  people 
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oii<]jlit  to  take  the  subject  up  seriously  and  not  treat  it  as  a  sort  of 
joke.  The  storage  battery  of  to-day  is  not  constructed  for  trac- 
tion work.  It  18  all  very  nice  when  you  stand  it  down  in  the 
cellar  and  light  your  house  or  run  a  large  central  station,  or  put 
it  on  shipboard,  but  for  traction  purposes  the  type  of  cell  has  got 
to  be  radically  changed. 

One  of  the  points  Mr.  Durvea  made  was  the  length  of  time 
required  to  change  or  charge  the  storage  battery  carnage.  The 
time  required  to  change  batteries  in  an  electric  carriage  is  about 
a  minute.  The  batteries  slide  in  on  racks,  making  connections 
by  the  simple  closing  of  a  switch,  and  I  cannot  see  any  very 
great  objection  to  that.  But  I  am  very  greatly  interested  in  some 
tests  now  ;  in  fact  I  made  a  test  to-day  on  something  that  looked 
very  promising  in  the  storage  battery  line.  We  charged  the  cell 
up  in  three  and  a  half  hours  at  a  very  high  rate,  and  we  dis- 
charged that  same  cell  in  about  two  hours  and  three-quarters 
with  an  efficiency  of  about  65  per  cent.  This  cell,  it  seems  to  me, 
can  be  so  arranged  that  it  will  last  indefinitely.  It  is  simply  a 
question  of  the  conductor  in  the  positive  plate  wearing  out;  and 
a  new  one  can  be  substituted.  In  fact  we  know  that  the  active 
material  in  a  storage  battery  lasts  forever.  It  is  just  simply  that 
the  material  becomes  loosened  from  the  support  plate  and  falls 
down  into  the  cell,  and  I  believe  abroad  they  propose  picking 
that  material  up  and  putting  it  back  again,  and  1  can  see  no 
reason  why  this  cannot  be  done  in  a  battery  for  electric  vehicles. 

Another  point  that  has  to  be  brought  up  in  all  these  things  is 
what  we  are  going  to  get  for  the  carriages  after  we  build  them. 
In  going  over  these  different  subjects  we  find,  so  far  as  we  can 
determine  now,  that  the  electric  vehicle  is  the  cheapest  vehicle 
to  construct,  and  as  the  President  remarked  to-night,  30  to  35 
miles  is  a  good  range  for  any  vehicle.  In  fact  I  believe  the  large 
department  stores  in  New  York  City  figure  on  25  miles  as  a  day's 
trip  for  their  delivery  wagons.  That  is  the  greatest  number  of 
miles  that  they  run,  and  it  would  seem  that  such  a  system  as  they 
use  might  furnish  the  best  data  that  we  could  gather  on  the 
subject  of  what  the  length  of  a  run  would  necessarily  be.  In  all 
probability  no  private  person  is  going  to  use  a  carriage  that  he 
wants  to  run  over  20  or  25  miles  a  day.  The  question  of  running 
further  is  simply  a  question  of  putting  on  some  more  batteries  or 
making  the  carriage  into  a  sort  of  railway  train.  I  think  the 
generailly  accepted  practice  is  when  anybody  wants  to  go  in  this 
country  over  25  or  30  miles  they  get  on  board  a  train,  and  they 
take  an  express  train  at  that.  When  they  go  out  for  a  drive  they 
do  not  go  that  number  of  miles. 

I  think  that  the  electric  carriage  to-day  seems  to  have  a  brighter 
future  than  any  of  the  others  for  its  use,  and  that  is  for  a  light 
pleasure  vehicle.  Probably  for  heavy  omnibuses  and  large  deliv- 
ery wagons  something  of  the  description  of  steam  or  some  vapor 
or  probably  petroleum  engines  will  be  used  ;  but  I  think  for  a 
pleasure  vehicle  the  electric  carriage  is  the  coming  machine. 
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Mr.  Duryea  : — This  is  a  progressive  age.  One  vehicle  in  par- 
ticular that  we  can  point  to  nas  gained  its  popularity  by  its  speed 
more  than  anything  else.  That  is  the  bicycle.  People^o  out 
riding  on  bicycles  for  pleasure,  and  ride  as  far  as  100  or  even 
more  miles  in  a  day.  So  that  a  man  who  expects  to  get  pleasure 
by  driving  only  at  the  rate  of  25  miles  a  day  is  certainly  very 
slow  in  his  requirements.  We  find  that  men  pay  high  prices  for 
fast  horses.  Why  ?  Simply  because  they  can  drive  a  good  dis- 
tance in  a  little  less  time  than  the  other  fellow,  or  because  they 
can  drive  further  than  other  men.  The  same  with  motor  ve- 
hicles. If  we  are  going  to  build  vehicles  that  people  will  be 
willing  to  pay  for,  they  must  be  capable  not  only  of  high  speed 
but  01  continued  high  speed.  A  vehicle  that  would  not  cover 
25  miles  in  at  least  half  a  day  I  would  not  consider  worth  put- 
ting out  as  a  motor  vehicle,  because  I  would  not  deem  it  greatly 
in  advance  of  the  horse.  I  myself  have  driven  50  or  60  miles 
even  with  a  single  horse,  to  a  light  buggy,  in  a  day,  without 
damaging  the  horse,  and  when  a  man  has  driven  that  distance 
over  a  rough  country,  he  is  usually  anxious  to  finish  the  last  part 
of  the  journey  pretty  quick.  We  have  frequently  finished  50 
miles  in  an  afternoon  and  had  some  time  to  spare,  in  motor 
vehicles  on  New  England  roads.  The  exhilaration  of  coasting 
down  one  of  those  hills  at  20  or  25  miles  an  hour  is  second  only 
to  coasting  it  on  a  bicycle  or  coasting  it  in  winter  on  a  sled.  And 
that  is  where  the  price  for  motor  vehicles  is  to  come  in — the  fact 
that  we  can  have  a  great  deal  higher  speed  than  with  the  horse. 
The  reason  why  civilization  is  displacing  the  horse  is  because  the 
horse  is  too  slow.  The  reason  why  the  horse  displaced  the  ox,  a 
few  generations  back,  was  because  the  ox  was  too  slow.  So  if 
we  are  to  build  motor  vehicles  to  take  the  place  of  the  horse, 
they  must  be  faster  than  the  horse ;  and  the  fact  that  a  vehicle 
will  travel  25  miles  on  a  business  trip  is  no  proof  that  the  motor 
must  not  do  more.  If  it  does  more,  the  people  will  take  it  and 
pay  more  for  it.     That  is  the  way  the  speed  problem  looks  to  me. 

In  the  matter  of  charging,  we  work  a  horse  for  half  a  day.  If 
a  vehicle  will  not  stand  half  a  day's  work  without  charging 
again,  then  it  is  not  properly  equipped  for  capacity.  The  time 
of  charging  must  not  be  confounded  with  the  time  of  changing 
batteries.  It  is  one  thing  to  take  them  finally  back  to  the  start- 
ing point  and  be  able  to  slip  in  another  set  of  batteries.  It  is 
an  entirely  different  thing  to  be  half  a  day  away  from  home  and 
wish  to  be  back,  and  the  only  thing  available  a  Western  Union 
telegraph  wire  or  perhaps  some  private  battery  stored  around 
somewhere. 

Those  considerations  have  presented  themselves  to  us  when- 
ever we  have  turned  our  attention  towards  electric  wagons,  and 
therefore  we  have  preferred  to  use  a  vehicle  which  we  could  load 
up  with  ordinary  stove  gasoline,  which  could  be  had  at  most 
grocery  or  stove  stores,  or  on  a  pinch  run  home  on  kerosene. 
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Our  vehicles  will  go  on  kerosene  if  it  is  necessary  to  do  so.  We 
think  that  is  quite  an  advantage  in  favor  of  the  gasoline  vehicle. 

I  have  never  used  the  naphtha  launch  itself ;  but  I  have  used 
several  varieties  of  launches  having  automatic  steam  engines, 
which,  so  far  as  I  know,  are  just  as  reliable  and  just  as  automatic 
as  an  engine  using  some  other  liquid  as  a  source  of  heat. 

Secretary  Pope  (in  the  Chair):— The  question  of  delivering 
and  transporting  merchandise  in  our  cities,  is  one  of  great  import- 
ance, because  we  all  know,  or  should  know,  that  it  is  the  most 
expensive  part  of  the  freight  traffic  to-day.  When  the  Singer 
Sewing  Machine  Company  moved  their  factory  from  New  York 
City  to  Elizabeth,  where  they  had  means  of  direct  shipment  from 
the  factory,  loading  machines  directly  on  the  cars,  it  was  found 
that  they  could  place  them  in  Chicago,  in  hulk  in  the  cars,  for 
what  it  cost  to  put  them  on  the  wharf  in  New,  York  ready  for 
shipment,  because  they  dispensed  with  boxing  and  the  cost  of 
cartage  to  the  train,  and  we  all  know  that  the  cost  of  cartage  is 
of  greater  importance  than  the  cost  of  freight,  much  as  we  growl 
about  the  latter.  We  are  also  approaching  the  question  of  indi- 
vidual passenger  transportation.  We  find  that  what  is  wanted 
to-day  in  our  cities,  in  order  to  give  the  best  facilities  for  trans- 
portation, is  to  provide  exclusive  privileges  for  bicycles  on  certain 
streets,  and  storage  for  them  where  the  people  work  or  where 
they  lodge.  Then  each  individual  may  be  independent,  a  large 
part  of  the  year,  of  all  other  kinds  of  transportation ;  and  conse- 
quently, his  own  ability  to  go,  as  Mr.  Duryea  has  said,  a  hundred 
miles  a  day,  would  be  certainly  one  of  the  satisfactions  of  owning 
a  machine  of  that  capacity,  even  if  a  person  did  not  wish  to  use  it 
to  that  extent.  It  is  the  ability  to  do  a  thing  of  that  kind  if  it 
becomes  necessary,  that  is  satisfactory ;  not  that  you  wish  to  go  a 
hundred  miles  every  day,  but  that  you  have  a  machine  with 
which  you  can  go  a  hundred,  or  a  hundred  and  fifty  miles  if  nec- 
essary. Therefore  the  machine  ought  to  have  tliat  margin  in 
order  to  meet  the  demands  of  the  present  day. 

In  regard  to  getting  supplies  of  kerosene  at  every  point — that 
is  what  we  hope  for  in  respect  to  electricity  one  of  these  days — 
that  its  use  will  become  so  universal  that  wherever  we  may  be, 
we  may  have  electrical  facilities,  or  current  for  charging  storage 
batteries.  One  of  the  drawbacks  to  the  use  of  electric  heating 
and  electric  motors  for  a  great  many  purposes,  is  the  lack  oi 
opportunity  for  obtaining  current  in  a  great  many  cases.  We 
can  see  to-day,  from  the  example  that  is  being  set  at  iNiagara,  and 
which  now  obtains  at  one  or  two  points  in  the  west,  notably  at 
Great  Falls,  Montana,  how  universal  the  application  of  electricity 
becomes  when  we  have  the  facilities  for  obtaining  it  at  every 
point  in  the  city.  This  will  be  the  case — how  soon,  of  course,  is 
visionary.  But  we  all  realize  in  metropolitan  life  how  much 
depends  upon  the  convenience  of  all  these  improvements  that  are 
being  brought  to  our  attention. 

[Adjourned.] 
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The  113th  meeting  of  the  Institute  was  held  this  date  at  12 
West  31st  Street,  and  was  called  to  order  by  President  Duncan 
at  8.20  p.  M. 

The  Secretary  read  the  following  names  of  associate  members 
elected  and  transferred  at  the  meeting  of  the  Executive  Com- 
mittee in  the  afternoon : 


Name. 

Brown,  Albbbt  W. 
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Address.  Endorsed  by. 

Assistant    Manager    of   Telephone  Harris  J.  Ryan. 
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Supt.    Electric    Dept.,    Homestead  Edw.  G.  Waters. 

Steel  Works,  Munnall,  Pa.  Ellicott  Maccoun. 

H.  A.  Poster. 

Instnictor  in   Electrical  Engineer-  D.  C.  Jackson, 

ing,      The  University    of    Wis-  F.  R.  Jones, 

consin;  residence,  640  State  St.,  John  E.  Davies. 
Madison,  Wis. 

Student,    in    Dept.     of    Electrical  Ralph  W.  Pope. 

Engineering,    Columbia    Uuiver-  P.  B.  Crocker, 

sity;    residence,    606    Lexington  W.  H.  Freedman. 
Ave.,  New  York  City. 


Ro8A,  Edwabd  B. 


Professor   of    Physics,      Wesleyan    H.  A.  Rowland. 
University,  Middletown,  Conn.         Louis  Duncan. 

Hermann  S.  Hering 

Van  Dbybxteb,  Chbistopheb    Student,  Columbia  Univer-    F.  B.  Crocker, 

sity  ;    residence,    626   Lexington    W.  H.  Freedman. 


Ave.,  New  York  City. 

WooDWOBTH,  Geo.  K.    Electrician,    Crawford    Mfg.    Co., 

Hagerstown,  Md. 


Geo.  F.  Sever. 

Harris  J.  Ryan. 
Edw.  L.  Nichols. 
Fred'k  Bedell. 


Totol  7. 
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TRANSFERRED  FROM  ASSOCIATE  TO  FULL  MEMBERSHIP. 


Approved  by  Board  of  Examiners,  Dec.  29th,  1896. 

Dawson.  Philip.  Associate  and  Chief  Engineer  with  R.  W.  BlackwelU 

39  Victoria  St.,  Westminster,  London,  England. 

GiBBS,  Lucius  T.  Manager  and  Chief  Engineer,   Gibbs  Electric  Co.» 

Milwaukee,  Wis. 

Spbaque,  Frank  J.  Vice-President,   Spraguc  Electric  Elevator  Co.,  25$ 

Broadway,  N.  i . 

Leslie,  Edward  Andrew    Vice-President  and  Manacrer,  Manhattan  Electric 

Light  Co.,  Ltd.,  New  York  City. 

Total  4. 

The  President  : — The  paper  this  evening,  gentlemen,  will  be 
by  Mr.  Howell,  entitled  "The  Conductivity  of  Incandescent 
Carbon  Filaments,  and  of  the  Space  Surrounding  Them." 

Mr.  Howell  read  the  following  paper : 


A  pt^tr  prtM§nttdat  the  tijtk  Mttting  o/tkt  Amtri' 
cmn  ImsHiutt  9/  BUciricai  Bngitutrt^  New  Vork^ 
F^rtuury  iph^  PrttitUnt  Duncan  in  th*  CkatTy 
Mid  Chicng9^  February  a4th^  jSq7, 


CONDUCTlVlTr    OF    INCANDESCENT    CARBON 

FILAMENTS,  AND   OF  THE   SPACE 

SUREOUNDING  THEM. 


BY   JOHN    W.    HOWELL. 


The  first  part  of  this  paper,  which  relates  to  the  conductivity 
of  carbon  filaments,  is  In  the  nature  of  a  discussion  of  a  paper 
read  before  the  Institute  by  Prof.  Anthony,  at  the  May  meet- 
ing in  1887. 

Prof.  Anthony  spoke  of  a  change  from  negative  to  positive  of 
the  temperature  coeflBcient  of  some  carbon  filaments  which  he 


Fig.  1. 

had  observed.    He  illustrated  the  change  by  a  figure,  which  I 

will  reproduce  here  for  reference.     (Fig.  1.) 

Prof.  Anthony  stated  that  this  change  did  not  occur  in  all  fila- 

menfSy  and  that  he  was  unable  to  explain   the  circumstances 

under  which  it  did  occur. 

Prof.  Elihu  Thomson,  in  his  discussion  of  Prof.   Anthony's 
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paper,  said  that  he  had  observed  the  same  phenomenon,  but  had 
not  investigated  it  sufficiently  to  explain  its  cause. 

About  four  years  ago  an  inventor  offered  to  the  General  Elec- 
tric Company  a  method  of  coating  carbon  filaments  with  metal, 
claiming  thereby  a  very  great  improvement  in  the  performance 
of  the  filaments.  The  metallic  coating  was  applied  by  heating 
the  filament  to  high  incandescence  in  the  presence  of  the  vapov, 
which  was  obtained  from  a  very  thick  dark  colored  liquid,  the 
application  being  made  by  the  same  means  as  is  employed  in  the 
ordinary  hydrocarbon  flashing  process.  The  proof  which  he  gave 
that  his  filaments  had  a  metallic  coating  was  the  fact  that  the 
resistance  of  these  filaments  was  lower  at  about  red  heat  than  it 
was  at  higher  temperatures. 

In  order  to  test  his  assertions,  I  treated  a  number  of  filaments 
with  his  dark  liquid,  and,  for  a  comparison,  treated  in  exactly  the 
same  manner  a  number  of  similar  filaments,  using  ordinary  gas- 
oline. To  the  surprise  of  both  of  us,  the  gasoline  filaments 
showed  the  same  rise  in  resistance,  after  passing  the  dull  red  tem- 
perature, as  was  shown  by  the  filaments  supposed  to  have  a  metal 
eoating.     This  fact  led  me  to  investigate  this  phenomenon. 

I  had  previously  made  resistance  curves  of  a  great  many 
Edison  lamps,  which  had  filaments  made  without  hydrocarbon 
flashing,  and  I  knew  that  the  filaments  of  all  these  lamps  con- 
tinued to  fall  in  resistance  to  the  highest  temperature  which  they 
would  stand.  As  we  had  very  recently  adopted  the  hydrocarbon 
treatment  upon  our  filaments,  I  associated  the  change  in  the 
resistance  curve  with  treated  filaments.  The  filaments  which  I 
have  previously  described  as  having  the  reverse  curve,  were  quite 
heavily  treated.  I  now  made  a  set  of  ten  lamps  with  various 
amounts  of  treatment,  all  made  from  similar  base  filaments. 
These  lamps  had  filaments  the  resistances  of  which,  when  cold, 
were  90,  80,  70,  60,  50,  40,  30,  20  and  10  per  cent,  of  the  cold 
resistance  of  the  original  base. 

I  found  upon  plotting  the  curves  of  these  filaments,  that  the 
untreated  filament  fell  in  resistance  as  it  was  made  hotter,  and 
that  this  fall  continued  to  the  highest  temperature  at  which  I 
dared  run  it. 

The  slightly  treated  filament  fell  in  resistance  more  rapidly 
than  the  untreated  filament  at  first,  and  less  rapidly  as  the  high 
temperatures  were  reached,  its  curve  finally  rising  above  that  of 
the  untreated  filament.   As  the  amount  of  treatment  is  increased, 
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the  curve  falls  more  and  more  rapidly  at  first,  and  less  rapidly  at 
the  higher  temperatures.  When  we  reach  the  filament  treated 
to  50  per  cent.,  we  find  that  it  falls  rapidly  to  about  50  per  cent, 
of  its  cold  resistance,  and  remains  practically  constant  at  higher 
temperatures.  The  curves  of  filaments  treated  to  less  than  50  per 
cent,  all  rise  after  reaching  their  lowest  point,  which  is  reached 
at  about  50  per  cent,  of  their  three  watts  per  candle  voltage. 

These  curves  show  the  changes  in  resistance  of  these  filaments. 
The  ordinates  are  percentages  of  the  cold  resistances  of  the  vari- 
ous filaments,  so  that  all  curves  start  from  the  100  per  cent, 
mark.  The  abscissae  are  percentages  of  the  voltages  at  which 
the  various  lamps  take  three  watts  per  candle.  The  bottom 
curve  on  this  sheet  illustrates  the  resistance  curve  of  a  carbon 
filament  which  had  been  treated  to  about  one  per  cent,  of  its 
original  resistance.  This  made  a  filament  which  was  nearly  all 
treatment.  This  curve  shows  an  increase  in  resistance  from  ita 
lowest  point  to  the  last  point  obtained,  of  about  25  per  cent. 

This  lamp  was  measured  at  the  Edison  Laboratory  by  Mr. 
Kennelly  and  myself.  The  readings  were  very  carefully  taken 
upon  very  sensitive  instruments,  and  there  can  be  no  doubt  as  to 
the  accuracy  of  the  curve,  as  it  agreed  very  well  with  the  meas- 
urements I  had  previously  made  upon  the  same  filaments.  These 
curves  can  be  obtained  a  good  many  times  from  the  same  fila- 
ments, so  there  is  no  permanent  change  in  the  filaments  which  in 
any  way  accounts  for  the  rise  in  resistance.  The  cold  resistances 
of  the  filaments,  after  being  measured,  were  found  to  be  the 
same  as  before  any  measurements  were  made. 

These  same  ten  carbons  were  taken  from  the  lamps  and  put 
into  a  baking  oven,  the  temperature  of  which  could  be  regulated 
very  nicely  by  an  electric  heater.  These  filaments  were  heated 
to  about  500  degrees  Fahr.,  the  temperature  being  measured  by 
two  mercury  thermometers.  The  resistance  curves  obtained  in 
this  way  are  shown  on  the  upper  part  of  the  sheet,  and  agree 
quite  well  in  character  with  the  resistance  curves  obtained  by 
measuring  the  volts  and  amperes  of  the  lamps,  so  there  is  no 
doubt  that  the  changes  in  resistance  are  due  to  temperature,  and 
to  nothing  else. 

I  then  obtained  untreated  base  filaments  from  as  many  kinds 
of  amorphous  carbon  as  I  could  obtain,  and  plotted  their  resist- 
ance curves. 

I  tried  filaments  made  of  bamboo,  silk,  cotton,  cellulose  (made 
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paper,  said  that  he  had  observed  the  same  phenomenon,  but  had 
not  investigated  it  sufficiently  to  explain  its  cause. 

About  four  years  ago  an  inventor  offered  to  the  General  Elec- 
tric Company  a  method  of  coating  carbon  filaments  witli  metal, 
<^1aiming  thereby  a  very  great  improvement  in  the  performance 
of  the  filaments.  The  metallic  coating  was  applied  by  heating 
the  filament  to  high  incandescence  in  the  presence  of  the  vapov, 
which  was  obtained  from  a  very  thick  dark  colored  liquid,  the 
Application  being  made  by  the  same  means  as  is  employed  in  the 
ordinary  hydrocarbon  flashing  process.  The  proof  which  he  gave 
that  his  filaments  had  a  metallic  coating  was  the  fact  that  the 
resistance  of  these  filaments  was  lower  at  about  red  heat  than  it 
was  at  higher  temperatures. 

In  order  to  test  his  assertions,  I  treated  a  number  of  filaments 
with  his  dark  liquid,  and,  for  a  comparison,  treated  in  exactly  the 
same  manner  a  number  of  similar  filaments,  using  ordinary  gas- 
oline. To  the  surprise  of  both  of  us,  the  gasoline  filaments 
showed  the  same  rise  in  resistance,  after  passing  the  dull  red  tem- 
perature, as  was  shown  by  the  filaments  supposed  to  have  a  metal 
eoating.     This  fact  led  me  to  investigate  this  phenomenon. 

I  had  previously  made  resistance  curves  of  a  great  many 
Edison  lamps,  which  had  filaments  made  without  hydrocarbon 
flashing,  and  I  knew  that  the  filaments  of  all  these  lamps  con- 
tinned  to  fall  in  resistance  to  the  highest  temperature  which  they 
would  stand.  As  we  had  very  recently  adopted  the  hydrocarbon 
treatment  upon  our  filaments,  I  associated  the  change  in  the 
resistance  curve  with  treated  filaments.  The  filaments  which  I 
have  previously  described  as  having  the  reverse  curve,  were  quite 
heavily  treated.  I  now  made  a  set  of  ten  lamps  with  various 
amounts  of  treatment,  all  made  from  similar  base  filaments. 
These  lamps  had  filaments  the  resistances  of  which,  when  cold, 
were  90,  80,  70,  60,  50,  40,  30,  20  and  10  per  cent,  of  the  cold 
resistance  of  the  original  base. 

I  found  upon  plotting  the  curves  of  these  filaments,  that  the 
untreated  filament  fell  in  resistance  as  it  was  made  hotter,  and 
that  this  fall  continued  to  the  highest  temperature  at  which  I 
dared  run  it. 

The  slightly  treated  filament  fell  in  resistance  more  rapidly 

than  the  untreated  filament  at  first,  and  less  rapidly  as  the  high 

temperatares  were  reached,  its  curve  finally  rising  above  that  of 

MfcHliiUntnutdil  filament.   As  the  amount  of  treatment  is  increased. 


1897.]  HOWRLL  ON  CARBON  FILAMENTS,  2fr 

the  curve  falls  more  and  more  rapidly  at  first,  and  less  rapidlj  at 
the  higher  temperatures.  When  we  reach  the  filament  treated 
to  50  per  cent.,  we  find  that  it  falls  rapidly  to  about  50  per  cent, 
of  its  cold  resistance,  and  remains  practically  constant  at  higher 
temperatures.  The  curves  of  filaments  treated  to  less  than  50  per 
cent,  all  rise  after  reaching  their  lowest  point,  which  is  reached 
at  about  50  per  cent,  of  their  three  watts  per  candle  voltage. 

These  curves  show  the  changes  in  resistance  of  these  filaments. 
The  ordinates  are  percentages  of  the  cold  resistances  of  the  vari- 
ous filaments,  so  that  all  curves  start  from  the  100  per  cent, 
mark.  The  absciss®  are  percentages  of  the  voltages  at  which 
the  various  lamps  take  three  watts  per  candle.  The  bottom 
curve  on  this  sheet  illustrates  the  resistance  curve  of  a  carbon 
filament  which  had  been  treated  to  about  one  per  cent,  of  its 
original  resistance.  This  made  a  filament  which  was  nearly  all 
treatment.  This  curve  shows  an  increase  in  resistance  from  ita 
lowest  point  to  the  last  point  obtained,  of  about  25  per  cent. 

This  lamp  was  measured  at  the  Edison  Laboratory  by  Mr. 
Kennelly  and  myself.  The  readings  were  very  carefully  taken 
upon  very  sensitive  instruments,  and  there  can  be  no  doubt  as  to 
the  accuracy  of  the  curve,  as  it  agreed  very  well  with  the  meas- 
urements I  had  previously  made  upon  the  same  filaments.  These 
curves  can  be  obtained  a  good  many  times  from  the  same  fila- 
ments, so  tliere  is  no  permanent  change  in  the  filaments  which  in 
any  way  accounts  for  the  rise  in  resistance.  The  cold  resistances 
of  the  filaments,  after  being  measured,  were  found  to  be  the 
same  as  before  any  measurements  were  made. 

These  same  ten  carbons  were  taken  from  the  lamps  and  put 
into  a  baking  oven,  the  temperature  of  which  could  be  regulated 
very  nicely  by  an  electric  heater.  These  filaments  were  heated 
to  about  500  degrees  Fahr.,  the  temperature  being  measured  by 
two  mercury  thermometers.  The  resistance  curves  obtained  in 
this  way  are  shown  on  the  upper  part  of  the  sheet,  and  agree 
quite  well  in  character  with  the  resistance  curves  obtained  by 
measuring  the  volts  and  amperes  of  the  lamps,  so  there  is  no 
doubt  that  the  changes  in  resistance  are  due  to  temperature,  and 
to  nothing  else. 

I  then  obtained  untreated  base  filaments  from  as  many  kinds 
of  amorphous  carbon  as  I  could  obtain,  and  plotted  their  resist- 
ance curves. 

I  tried  filaments  made  of  bamboo,  silk,  cotton,  cellulose  (made 
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The  matter  of  recharging  is  one  of  great  interest,  it  seems  to 
me,  to  the  public.  If  you  are  only  going  for  half-an-hour's  ride 
and  can  order  up  the  carriage,  it  does  not  matter  much  what  sys- 
tem you  have,  because  almost  any  carriage  will  run  half-an-hour 
if  it  18  any  good  at  all.  But  for  private  use,  where  a  man  must 
look  out  for  that  himself,  it  is,  it  seems  to  me,  quite  a  question 
whether  he  has  to  put  in  several  hundred  pounds  or  perhaps  a 
thousand  pounds  or  so  of  new  load,  or  whether  he  only  puts  in  a 
few  pounds.  In  the  gasoline  wagon,  if  it  is  only  for  half-an- 
hour  or  an  hour's  ride,  there  is  no  occasion  to  change  the  water 
supply,  because  the  half-hour  or  hour's  run  in  the  gasoline  wagon 
will  not  suflBciently  heat  up  the  water  to  necessitate  any  change 
or  any  addition.  The  fuel  supply  for  half-an-hour  or  an  hour  is 
so  small  you  could  put  it  into  your  hat.  Therefore  there  is  little 
or  no  work  requirea  to  put  a  charge  into  the  wagon  and  none  to 
take  it  out,  because  the  motor  takes  it  out.  With  the  electric 
veliicle,  it  is  necessary  to  change  the  batteries  and  replenish  with 
new  batteries,  or  else  it  is  necessary  to  attach  some  sort  of  suj)- 
ply,  and  wait  patiently.  With  the  compressed  air  system  of 
storage  it  is  possible  to  walk  up  to  a  stop-cock,  and,  according  to 
the  popular  idea,  turn  the  cock  and  you  are  full.  But  with  elec- 
tricity it  cannot  be  done  quite  so  quick,  which  is  the  unfortunate 
J>art,  it  seems  to  me,  of  the  electric  wagon— the  necessity  of  time 
or  charging.  We  have  given  some  thought  to  the  electric 
wagon,  but  tlie  experience  of  some  companies  which  have  spent 
several  hundred  thousand  dollars  in  trying  to  adapt  electric 
storage  batteries  to  street  car  service  has  discouraged  us,  and  our 
own  experience  with  electricity  has  not  been  favorable  to  bat- 
teries at  any  rate. 

The  question  of  steam  as  compared  with  gasoline  or  with  elec- 
tricity has  seemed  to  us  to  be  in  favor  of  the  gasoline  rather 
than  the  steam.  While  it  is  true  that  steam  is  a  very  flexible 
means  of  operating,  it  takes  probably  twice  the  amount  of  fuel 
to  generate  the  steam,  even  with  the  SerpoUet  or  other  instan- 
taneous generator,  than  it  does  to  get  the  same  power  with  the 
gasoline  engine,  and  that  being  true,  the  item  of  expense  alone 
would  favor  the  gasoline,  although  the  expense  is  not  worth 
much  consideration  in  the  motor  vehicle.  Not  only  must  you 
have  more  fuel,  but  you  must  have  more  water,  unless  you  have 
some  form  of  condenser,  and  none  of  which  I  know  are  of  any 
account  for  wagon  service.  In  boat  service  we  can  get  a  con- 
denser because  we  have  water.  In  wagon  service  we  have  no 
water,  especially  on  a  hot  day  in  summer.  For  that  reason  gas- 
oline is  favored. 

Light  weight  seems  to  be  the  greatest  desideratum  of  a  motor 
vehicle.  The  reason  why  motor  vehicles  have  failed  for  the  last 
century  is  almost  wholly  because  their  weight  has  been  so  great 
compared  with  their  power ;  that  they  have  not  been  practical ; 
and  that  which  offers  the  greatest  power  with  the  least  weight 
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would  seem  to-day  to  be  the  most  reliable  device,  regardless  of 
what  it  is.  Going  on  that  line  we  have  stuck  to  the  gasoline 
vehicles,  because  we  believe  they  are  by  far  lighter  than  either 
steam  or  electricity  for  a  given  power. 

Mr.  Rikbb: — Taking  up  the  subject  of  Mr.  Duryea's  first 
remark  in  regard  to  putting  the  motor  in  the  body  of  the  car- 
riage and  not  in  the  truck,  I  do  not  think  that  his  judgment  is 
quite  sound  there.  I  know  that  in  electric  railroads,  when  they 
were  first  proposed,  the  motor  was  placed  in  every  conceivable 
spot.  First  it  was  put  on  the  front  platform  of  the  car, 
and  then  it  was  put  in  the  middle  of  the  car,  dropped 
down  and  slid  up,  and  finally  ended  by  being  placed  right 
straight  on  the  axle,  and  that  is  the  accepted  design  to-day,  and 
I  do  not  think  that  the  electric  motor  builders  or  railway  people 
would  go  back  to  putting  the  motor  up  inside  the  car  or  suspend- 
ing it  on  the  running  gear.  They  would  prefer  to  go  right 
straight  down  onto  the  axle.  I  know  of  plans  proposed  and  used 
by  some  concerns  in  which  they  use  a  spring  suspension  to  do 
away  with  jar  and  vibration,  but  that  is  not  to  save  the  motor  as 
much  as  it  is  to  save  the  rail  joints.  The  pneumatic  tire  does 
away  with  a  great  deal  of  vibration,  and  it  would  seem  to  me 
that  it  was  not  the  fault  of  the  material  or  the  fault  of  the 
mounting  so  much  as  it  was  that  the  workmanship  was  not  as 
good  as  it  should  have  been,  to  have  vibrated  that  belt  off  in  the 
manner  he  stated.  I  have  known  such  things  to  happen,  but  I 
think  it  is  more  the  exception  than  the  rule. 

With  regard  to  the  odor  which  Mr.  Duryea  spoke  about,  I 
thought  that  was  the  thing  we  were  trying  to  get  rid  of  when 
we  got  rid  of  the  horse — that  was  one  of  the  objections  to  the 
horse.  We  want  to  get  rid  of  that  odor  entirely.  That  was  one 
of  the  features  that  the  horseless  carriage  offered — that  there 
were  no  unpleasant  odors  connected  with  it. 

As  regards  an  automatic  device  or  an  automatic  machine,  I 
think  Mr.  Durvea  has  lost  sight  of  one  of  the  prettiest  automatic 

t)iece6  of  machmery  that  I  know  of  to-day,  and  that  is  the  naphtha 
aunch.  There  is  an  engine  which  when  once  started  will  run 
and  take  care  of  itself  with  absolutely  no  attention  whatsoever. 
All  the  man  has  to  do  is  simply  to  light  the  fire,  turn  on  his 
valve  and  the  engine  will  run  until  he  wants  to  stop  it.  There 
is  no  need  of  looking  at  any  pressure  gauge  or  anything  else.  It 
is  entirely  automatic.  Now  whether  such  a  device  can  be  applied 
to  a  motor  vehicle  without  involving  a  great  many  difliculties,  I 
do  not  know.  The  fact  of  not  having  water  for  condensing  pur- 
poses— there  would  have  to  be  some  other  system  used ;  but  it 
seems  to  me  that  a  system  of  air  could  be  used  similar  to  the 
condensers  that  are  being  proposed  now  and  are  used  for  electric 
lighting  stations.  The  cjuestion  to  my  mind  is  simply  in  regard 
to  the  electric  vehicle  bemg  a  success,  as  I  mentioned  to-night  in 
opening  this  discussion,  that  the  battery  was  responsible  for  all 
the  trouble  of  the  electric  vehicle,  and  I  think  the  battery  people 
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oii<j;lit  to  take  the  subject  np  seriously  and  not  treat  it  as  a  sort  of 
joke.  The  stora^  battery  of  to-day  is  not  constructed  for  trac- 
tion work.  It  IS  all  very  nice  when  you  stand  it  down  in  the 
cellar  and  light  your  house  or  run  a  large  central  station,  or  put 
it  on  shipboard,  but  for  traction  purposes  the  type  of  cell  has  got 
to  be  radically  changed. 

One  of  the  points  Mr.  Duryea  made  was  the  length  of  time 
required  to  change  or  charge  tlie  storage  battery  carriage.  The 
time  required  to  change  batteries  in  an  electric  carriage  is  about 
a  minute.  The  batteries  slide  in  on  racks,  making  connections 
by  the  simple  closing  of  a  switch,  and  I  cannot  see  any  very 
great  objection  to  that.  But  I  am  very  greatly  interested  in  some 
tests  now  ;  in  fact  I  made  a  test  to-day  on  something  that  looked 
very  promising  in  the  storage  battery  line.  We  charged  the  cell 
up  in  three  and  a  half  hours  at  a  very  high  rate,  and  we  dis- 
charged that  same  cell  in  about  two  hours  and  three-quarters 
with  an  efficiency  of  about  65  per  cent.  This  cell,  it  seems  to  me, 
can  be  so  arranged  that  it  will  last  indefinitely.  It  is  simply  a 
question  of  the  conductor  in  the  positive  plate  wearing  out ;  and 
a  new  one  can  be  substituted.  In  fact  we  know  that  the  active 
material  in  a  storage  battery  lasts  forever.  It  is  just  simply  that 
the  material  becomes  loosened  from  the  support  plate  and  falls 
down  into  the  cell,  and  I  believe  abroad  tney  propose  picking 
that  material  up  and  putting  it  back  again,  and  I  can  see  no 
reason  why  this  cannot  be  done  in  a  battery  for  electric  vehicles. 

Another  point  that  has  to  be  brought  up  in  all  these  things  is 
what  we  are  going  to  get  for  the  carriages  after  we  build  them. 
In  going  over  these  different  subjects  we  find,  so  far  as  we  can 
determine  now,  that  the  electric  vehicle  is  the  cheapest  vehicle 
to  construct,  and  as  the  President  remarked  to-night,  30  to  35 
miles  is  a  good  range  for  any  vehicle.  In  fact  I  believe  the  large 
department  stores  in  New  York  City  figure  on  25  miles  as  a  day's 
trip  for  their  delivery  wagons.  That  is  the  greatest  number  of 
miles  that  they  run,  and  it  would  seem  that  such  a  system  as  they 
use  might  furnish  the  best  data  that  we  could  gather  on  the 
subject  of  what  the  length  of  a  run  would  necessarily  be.  In  all 
probability  no  private  person  is  going  to  use  a  carriage  that  he 
wants  to  run  over  20  or  25  miles  a  day.  The  question  of  running 
further  is  simply  a  question  of  putting  on  some  more  batteries  or 
making  the  carriage  into  a  sort  of  railway  train.  I  think  the 
generally  accepted  practice  is  when  anybody  wants  to  go  in  this 
country  over  25  or  30  miles  they  get  on  board  a  train,  and  they 
take  an  express  train  at  that.  When  they  go  out  for  a  drive  they 
do  not  go  that  number  of  miles. 

I  think  that  the  electric  carriage  to-day  seems  to  have  a  brighter 
future  than  any  of  the  others  for  its  use,  and  that  is  for  a  light 
pleasure  vehicle.  Probably  for  heavy  omnibuses  and  large  deliv- 
ery wagons  something  of  the  description  of  steam  or  some  vapor 
or  probably  petroleum  engines  will  be  used  ;  but  I  think  for  a 
pleasure  vehicle  the  electric  carriage  is  the  coming  machine. 


1897.]  A  TOPICAL  DISCUSSION.    NEW  YOHK.  28 

Mr.  Duryea  : — This  is  a  progressive  age.  One  vehicle  in  par- 
ticular that  we  can  point  to  nas  gained  its  popularity  by  its  speed 
more  than  anything  else.  That  is  the  bicycle,  feople^o  out 
riding  on  bicycles  for  pleasure,  and  ride  as  far  as  100  or  even 
more  miles  in  a  day.  So  that  a  man  who  expects  to  get  pleasure 
by  driving  only  at  the  rate  of  25  miles  a  day  is  certainly  very 
slow  in  his  requirements.  We  find  that  men  pay  high  prices  for 
fast  horses.  Why  ?  Simply  because  they  can  drive  a  good  dis- 
tance in  a  little  less  time  than  the  other  fellow,  or  because  they 
can  drive  further  than  other  men.  The  same  with  motor  ve- 
hicles. If  we  are  going  to  build  vehicles  that  people  will  be 
willing  to  pay  for,  they  must  be  capable  not  only  of  high  speed 
but  oi  continued  high  speed.  A  vehicle  that  would  not  cover 
25  miles  in  at  least  half  a  day  I  would  not  consider  worth  put- 
ting out  as  a  motor  vehicle,  because  I  would  not  deem  it  greatly 
in  advance  of  the  horse.  I  myself  have  driven  50  or  60  miles 
even  with  a  single  horse,  to  a  light  buggy,  in  a  day,  without 
damaging  the  horse,  and  when  a  man  has  driven  that  distance 
over  a  rough  country,  he  is  usually  anxious  to  finish  the  last  part 
of  the  journey  pretty  quick.  We  have  frequently  finished  50 
miles  in  an  afternoon  and  had  some  time  to  spare,  in  motor 
vehicles  on  New  England  roads.  The  exhilaration  of  coasting 
down  one  of  those  hills  at  20  or  25  miles  an  hour  is  second  only 
to  coasting  it  on  a  bicycle  or  coasting  it  in  winter  on  a  sled.  And 
that  is  where  the  price  for  motor  vehicles  is  to  come  in — the  fact 
that  we  can  have  a  great  deal  higher  speed  than  with  the  horse. 
The  reason  why  civilization  is  displacing  the  horse  is  because  the 
horse  is  too  slow.  The  reason  why  the  horse  displaced  the  ox,  a 
few  generations  back,  was  because  the  ox  was  too  slow.  So  if 
we  are  to  build  motor  vehicles  to  take  the  place  of  the  horse, 
they  must  be  faster  than  the  horse ;  and  the  fact  that  a  vehicle 
will  travel  25  miles  on  a  business  trip  is  no  proof  that  the  motor 
must  not  do  more.  If  it  does  more,  the  people  will  take  it  and 
pay  more  for  it.     That  is  the  way  the  speed  problem  looks  to  me. 

In  the  matter  of  charging,  we  work  a  horse  for  half  a  day.  If 
a  vehicle  will  not  stand  half  a  day's  work  without  charging 
again,  then  it  is  not  properly  equipped  for  capacity.  The  time 
of  charging  must  not  be  confounded  with  the  time  of  changing 
batteries.  It  is  one  thing  to  take  them  finally  back  to  the  start- 
ing point  and  be  able  to  slip  in  another  set  of  batteries.  It  is 
an  entirely  different  thing  to  be  half  a  day  away  from  home  and 
wish  to  be  back,  and  the  only  thing  available  a  Western  Union 
telegraph  wire  or  perhaps  some  private  battery  stored  around 
somewhere. 

Those  considerations  have  presented  themselves  to  us  when- 
ever we  have  turned  our  attention  towards  electric  wagons,  and 
therefore  we  have  preferre<l  to  use  a  vehicle  which  we  could  load 
up  with  ordinary  stove  gasoline,  which  could  be  had  at  most 
grocery  or  stove  stores,  or  on  a  pinch  run  home  on  kerosene. 
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Our  vehicles  will  go  on  kerosene  if  it  is  necessary  to  do  so.     We 
think  that  is  quite  an  advantage  in  favor  of  the  gasoline  vehicle. 

I  have  never  used  the  naphtha  launch  itself ;  but  I  have  used 
several  varieties  of  launches  having  automatic  steam  engines, 
which,  so  far  as  I  know,  are  just  as  reliable  and  just  as  automatic 
as  an  engine  using  some  other  liquid  as  a  source  of  heat. 

Secretary  Pope  (in  the  Chair):— The  question  of  delivering 
and  transporting  merchandise  in  our  cities,  is  one  of  great  import- 
ance, because  we  all  know,  or  should  know,  that  it  is  the  most 
expensive  part  of  the  freight  traffic  to-day.  When  the  Singer 
Sewing  Machine  Company  moved  their  factory  from  New  York 
City  to  Elizabeth,  where  they  had  means  of  direct  shipment  from 
the  factory,  loading  machines  directly  on  the  cars,  it  was  found 
that  they  could  place  them  in  Chicago,  in  bulk  in  the  cars,  for 
what  it  cost  to  put  them  on  the  wharf  in  New,  York  ready  for 
shipment,  because  they  dispensed  with  boxing  and  the  cost  of 
cartage  to  the  train,  and  we  all  know  that  the  cost  of  cartage  is 
of  greater  importance  than  the  cost  of  freight,  much  as  we  growl 
about  the  latter.  We  are  also  approaching  the  question  of  indi- 
vidual passenger  transportation.  We  iind  that  what  is  wanted 
to-day  in  our  cities,  in  order  to  give  the  best  facilities  for  trans- 
portation, is  to  provide  exclusive  privileges  for  bicycles  on  certain 
streets,  and  storage  for  them  where  the  people  work  or  where 
they  lodge.  Then  each  individual  may  be  independent,  a  large 
part  of  the  year,  of  all  other  kinds  of  transportation ;  and  conse- 
quently, his  own  ability  to  go,  as  Mr.  Duryea  has  said,  a  hundred 
miles  a  day,  would  be  certainly  one  of  the  satisfactions  of  owning 
a  machine  of  that  capacity,  even  if  a  person  did  not  wish  to  use  it 
to  that  extent.  It  is  the  ability  to  do  a  thing  of  that  kind  if  it 
becomes  necessary,  that  is  satisfactory  ;  not  that  you  wish  to  go  a 
hundred  miles  every  day,  but  that  you  have  a  machine  with 
which  you  can  go  a  hundred,  or  a  hundred  and  fifty  miles  if  nec- 
essary. Therefore  the  machine  ought  to  have  tliat  margin  in 
order  to  meet  the  demands  of  the  present  day. 

In  regard  to  getting  supplies  of  kerosene  at  every  point — that 
is  what  we  hope  for  in  respect  to  electricity  one  of  these  days — 
that  its  use  will  become  so  universal  that  wherever  we  may  be, 
we  may  have  electrical  facilities,  or  current  for  charging  storage 
batteries.  One  of  the  drawbacks  to  the  use  of  electric  heating 
and  electric  motors  for  a  great  many  purposes,  is  the  lack  oi 
opportunity  for  obtaining  current  in  a  great  many  cases.  We 
can  see  to-day,  from  the  example  that  is  l)eingset  at  iNiagara,  and 
which  now  obtains  at  one  or  two  points  in  the  \vest,  notably  at 
Great  Falls,  Montana,  how  universal  the  application  of  electricity 
becomes  when  we  have  the  facilities  for  obtaining  it  at  every 
point  in  the  city.  This  will  be  the  case — how  soon,  of  course,  is 
visionary.  But  we  all  realize  in  metropolitan  life  how  nmch 
depends  upon  the  convenience  of  all  these  improvements  that  are 
being  brought  to  our  attention. 

[Adjourned.] 
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The  113th  meeting  of  the  Institute  was  held  this  date  at  12 
West  Slst  Street,  and  was  called  to  order  by  President  Duncan 
at  8.20  p.  M. 

The  Secretary  read  the  following  names  of  associate  members 
elected  and  transferred  at  the  meeting  of  the  Executive  Com- 
mittee in  the  afternoon : 


Name. 

Brown,  Albert  W. 


DiNKST,  Alya  0. 


Frankbnfield,  Budd 


Address.  Eadorsed  by. 

Assistant    Manager    of   Telephone  Harris  J.  Ryan. 

Exchange,    American    Telephone  Fred*k  Bedell, 

and  Telegraph  Co.,  39  Cortlandt  Ernest  Merritt. 
St.,  residence,  27  W.  34th  St., 
New  York  City. 

Supt.    Electric    Dept.,    Homestead  Edw.  G.  Waters. 

Steel  Works,  Munnall,  Pa.  EUicott  Maccoun. 

H.  A.  Poster. 

Instnictor  in  Electrical  Engineer-  D.  C.  Jackson, 

ing,      The  University    of    Wis-  F.  R.  Jones, 

consin;  residence,  640  State  St.,  John  E.  Davies. 
Madison,  Wis. 

Student,    in    Dept.     of    Electrical  Ralph  W.  Pope. 

Engineering,    Columbia    Uuiver-  F.  B.  Crocker, 

sity;    residence,    606    Lexington  W.  H.  Freedman. 
Ave. ,  New  York  City. 

Professor    of    Physics,      Wesleyan  H.  A.  Rowland. 

University,  Middletown,  Conn.  Louis  Duncan. 

Hermann  S.  Hering 

Van  Dbybnteb,  Chbistopheb    Student,  Columbia  Univer-  F.  B.  Crocker, 

sity  ;    residence,    626   Lexington  W.  H.  Freedman. 


RiPLBT,  Wm.  Hows 


Rosa,  Edwabd  B. 


Ave.,  New  York  City. 

WooDWOBTH,  Geo.  K.    Electrician,    Crawford    Mfg.    Co., 

Hagerstown,  Md. 


Geo.  F.  Sever. 

Harris  J.  Ryan. 
Edw.  L.  Nichols. 
Fred'k  Bedell. 


Totol  7. 
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TRANSFERRED  FROM  ASSOCIATE  TO  FULL  MEMBERSHIP. 


Approved  by  Board  of  Examiners,  Dec.  29th,  1896. 

Dawson.  Philip.  Associate  and  Chief  Engineer  with  R.  W.  Blackwell, 

89  Victoria  St.,  Westminster,  London,  England. 

GiBBS,  Lucius  T.  Manager  and  Chief  Engineer,   Gibbs  Electric  Co., 

Milwaukee,  Wis. 

Spbague,  Frank  J.  Vice-President,   Sprague  Electric  Elevator  Co.,  25$ 

Broadway,  N.  \ . 

Leslie,  Edward  Andrew    Vice-President  and  Manager,  Manhattan  Electric 

Light  Co.,  Ltd.,  New  YorK  City. 

Total  4. 

The  President  : — The  paper  this  evening,  gentleuien,  will  be 
by  Mr.  Howell,  entitled  "The  Conductivity  of  Incandescent 
Carbon  Filaments,  and  of  the  Space  Surroanding  Them." 

Mr.  Howell  read  the  following  paper : 
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can IfuiUuU^ BUctrUml Bngin*€r$yNrm  York^ 
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CONDUCTIVITr    OF    INCANDESCENT    CARBON 

FILAMENTS,  AND    OF   THE   SPACE 

SURKOUNDING  THEM. 


BY   JOHN    W.    HOWELL. 


The  first  part  of  this  paper,  which  relates  to  the  conductivity 
of  carbon  filaments,  is  in  the  nature  of  a  discussion  of  a  paper 
read  before  the  Institute  by  Prof.  Anthony,  at  the  May  meet- 
ing in  1887. 

Prof.  Anthony  spoke  of  a  change  from  negative  to  positive  of 
the  temperature  coefficient  of  some  carbon  filaments  which  he 


Fia.  1. 

had  observed.     He  illustrated  the  change  by  a  figure,  which  I 
will  reproduce  here  for  reference.     (Fig.  1.) 

Prof.  Anthony  stated  that  this  change  did  not  occur  in  all  fila- 
ments, and  that  he  was  unable  to  explain  the  circumstances 
under  which  it  did  occur. 

Prof.  Elihu  Thomson,  in  his  discussion  of  Prof.   Anthony's 
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paper,  said  that  lie  had  observed  the  same  phenomenon,  but  had 
not  investigated  it  sufficiently  to  explain  its  cause. 

About  four  years  ago  an  inventor  offered  to  the  General  Elec- 
tric Company  a  method  of  coating  carbon  filaments  with  metal, 
claiming  thereby  a  very  great  improvement  in  the  performance 
of  the  filaments.  The  metallic  coating  was  applied  by  heating 
the  filament  to  high  incandescence  in  the  presence  of  the  vapov, 
which  was  obtained  from  a  very  thick  dark  colored  liquid,  the 
■application  being  made  by  the  same  means  as  is  employed  in  the 
ordinary  hydrocarbon  flashing  process.  The  proof  which  he  gave 
that  his  filaments  had  a  metallic  coating  was  the  fact  that  the 
resistance  of  these  filaments  was  lower  at  about  red  heat  than  it 
was  at  higher  temperatures. 

In  order  to  test  his  assertions,  I  treated  a  number  of  filaments 
with  his  dark  liquid,  and,  for  a  comparison,  treated  in  exactly  the 
same  manner  a  number  of  similar  filaments,  using  ordinary  gas- 
oline. To  the  surprise  of  both  of  us,  the  gasoline  filaments 
showed  the  same  rise  in  resistance,  after  passing  the  dull  red  tem- 
perature, as  was  shown  by  the  filaments  supposed  to  have  a  metal 
coating.     This  fact  led  me  to  investigate  this  phenomenon. 

I  had  previously  made  resistance  curves  of  a  great  many 
Edison  lamps,  which  had  filaments  made  without  hydrocarbon 
flashing,  and  I  knew  that  the  filaments  of  all  these  lamps  con- 
tinued to  fall  in  resistance  to  the  highest  temperature  which  they 
would  stand.  As  we  had  very  recently  adopted  the  hydrocarbon 
treatment  upon  our  filaments,  I  associated  the  change  in  the 
resistance  curve  with  treated  filaments.  The  filaments  which  I 
have  previously  described  as  having  the  reverse  curve,  were  quite 
heavily  treated.  I  now  made  a  set  of  ten  lamps  with  various 
amounts  of  treatment,  all  made  from  similar  base  filaments. 
These  lamps  had  filaments  the  resistances  of  which,  when  cold, 
were  90,  80,  70,  60,  50,  40,  30,  20  and  10  per  cent,  of  the  cold 
resistance  of  the  original  base. 

I  found  upon  plotting  the  curves  of  these  filaments,  that  the 
untreated  filament  fell  in  resistance  as  it  was  made  hotter,  and 
that  this  fall  continued  to  the  highest  temperature  at  which  I 
dared  run  it. 

The  slightly  treated  filament  fell  in  resistance  more  rapidly 
than  the  untreated  filament  at  first,  and  less  rapidly  as  the  high 
temperatures  were  reached,  its  curve  finally  rising  above  that  of 
the  untreated  filament.   As  the  amoimt  of  treatment  is  increased, 
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the  curve  falls  more  and  more  rapidly  at  first,  and  less  rapidly  at 
the  higher  temperatures.  When  we  reach  the  filament  treated 
to  50  per  cent.,  we  find  that  it  falls  rapidly  to  about  50  per  cent, 
of  its  cold  resistance,  and  remains  practically  constant  at  higher 
temperatures.  The  curves  of  filaments  treated  to  less  than  50  per 
cent,  all  rise  after  reaching  their  lowest  point,  which  is  reached 
at  about  50  per  cent,  of  their  three  watts  per  candle  voltage. 

These  curves  show  the  changes  in  resistance  of  these  filaments. 
The  ordinates  are  percentages  of  the  cold  resistances  of  the  vari- 
ous filaments,  so  that  all  curves  start  from  the  100  per  cent, 
mark.  The  abscissae  are  percentages  of  the  voltages  at  which 
the  various  lamps  take  three  watts  per  candle.  The  bottom 
curve  on  this  sheet  illustrates  the  resistance  curve  of  a  carbon 
filament  which  had  been  treated  to  about  one  per  cent,  of  ita 
original  resistance.  This  made  a  filament  which  was  nearly  all 
treatment.  This  curve  shows  an  increase  in  resistance  from  its 
lowest  point  to  the  last  point  obtained,  of  about  25  per  cent. 

This  lamp  was  measured  at  the  Edison  Laboratory  by  Mr. 
Kennelly  and  myself.  The  readings  were  very  carefully  taken 
upon  very  sensitive  instruments,  and  there  can  be  no  doubt  as  to 
the  accuracy  of  the  curve,  as  it  agreed  very  well  with  the  meas- 
urements I  had  previously  made  upon  the  same  filaments.  These 
curves  can  be  obtained  a  good  many  times  from  the  same  fila- 
ments, so  there  is  no  permanent  change  in  the  filaments  which  in 
any  way  accounts  for  the  rise  in  resistance.  The  cold  resistances 
of  the  filaments,  after  being  measured,  were  found  to  be  the 
same  as  before  any  measurements  were  made. 

These  same  ten  carbons  were  taken  from  the  lamps  and  put 
into  a  baking  oven,  the  temperature  of  which  could  be  regulated 
very  nicely  by  an  electric  heater.  These  filaments  were  heated 
to  about  500  degrees  Fahr.,  the  temperature  being  measured  by 
two  mercury  thermometers.  The  resistance  curves  obtained  in 
this  way  are  shown  on  the  upper  part  of  the  sheet,  and  agree 
quite  well  in  character  with  the  resistance  curves  obtained  by 
measuring  the  volts  and  amperes  of  the  lamps,  so  there  is  no 
doubt  that  the  changes  in  resistance  are  due  to  temperature,  and 
to  nothing  else. 

I  then  obtained  untreated  base  filaments  from  as  many  kinds 
of  amorphous  carbon  as  I  could  obtain,  and  plotted  their  resist- 
ance curves. 

I  tried  filaments  made  of  bamboo,  silk,  cotton,  cellulose  (made 
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b;  the  ordinary  squirt  process),  tatnadine,  and  paper.  All  of  these 
base  carbons  gave  the  same  curve,  and  all  of  them  continued  to 
fall  in  resistance  aa  long  as  I  was  able  aafelj  to  increase  the  tem- 
perature. 

These  carbons  were  qnite  different  in  their  physical  character- 
istics. The  silk  filaments  were  the  most  porous,  and  had  the 
roagheet  and  the  best  heat  radiating  surface,  while  the  tamadine 
filaments  were  very  dense  and  had  a  verj  highly  lustrous  snrface. 

I  was  entirely  unable  for  a  long  time,  after  making  these 
curves,  to  come  to  a  satisfactory  theory  regarding  them.  The 
reverse  curve  is  not  caused  by  changes  in  the  characters  of  the 


surfaces  of  the  carbons,  due  to  einissivity,  because  no  correspond- 
ing changes  in  emissivity  occur. 

1  made  observations  upon  untreated  and  heavily  treated  fila- 
ments, to  see  if  they  acted  differently  in  regard  to  their  expansion 
with  heat,  thinking  that  possibly  the  changes  in  the  resistance 
curve  may  have  been  caused  by  a  change  in  the  expansion  curve 
with  temperature.  Tliese  observations  were  not  very  refined, 
being  simply  observations  made  by  means  of  a  telescope,  but  they 
showed  clearly  that  all  of  the  carbons  expanded  with  heat,  and 
apparently  there  was  no  difference  in  this  respect. 
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It  Iiaa  been  the  custom  for  BOine  time  to  speak  of  the  carbon 
which  is  obtained  \>y  the  treating  process  as  graphite  carbon,  and 
knowing  that  Mr.  Edieon  had,  in  1881,  made  some  filaments  of 
graphite,  by  pressing  the  pure  graphite  under  very  great  prea- 
SQre  inio  the  form  of  loops,  I  was  veiy  anxious  to  obtain  a  lamp 
containing  one  of  these  filaments,  to  see  whether  it  woald  have 
the  same  resistance  curve  as  the  other  forms  of  untreated  carbon. 
I  have  very  recently  obtained  one  of  these  lamps  from  Prof. 
Barker,  of  the  Univereity  of  Fennsylvania,  and  upon  plotting  its 
resistance  curve  I  was  very  much  pleased  to  find  that  it  had  the 
same  cliaracterietics  as  the  heavily  treated  filament.  It  reached 
its  minimum  resistance  at  a  dull  red  heat,  and  from  this  point,  as 
the  temperature  was  increased,  the  resistance  increased  also.   This 
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curve  is  marked  a  upon  the  sheet  on  which  the  otlter  curves  are 
plotted. 

It  will  1)6  observed  that  the  resistance  curve  of  this  filament 
does  uot  fall  as  much  as  the  other  curves,  and  rises  much  more. 
This  may  be  due  to  the  different  natures  of  the  two  kinds  of 
graphite,  or  to  structural  differences.  The  top  of  the  loop  of  the 
graphite  fiUment  got  much  hotter  tlian  the  rest  of  it ;  this  would 
cause  this  part  to  start  rising  before  the  rest  had  ceased  falling  in 
resistance,  and  this  may  account  to  some  extent  for  the  less  total 
fall  in  resistance  of  this  filament.  The  resistance  of  this  filament, 
after  the  measurements  had  been  made,  was  just  tlie  same  as 
before  they  were  made.  This  indicates  quite  clearly  that  our 
ealling  the  treated  carbon  "graphitic"  is  correct,  and  that  the 
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change  in  the  resistance  curve  of  treated  filaments  is  due  to  the 
graphitic  nature  of  the  layer  of  carbon  which  is  put  on  during 
the  treating  process. 

The  graphite  filament  lamp  referred  to  is  shown  in  Fig.  3. 

The  second  part  of  this  paper,  which  relates  to  the  conductivity 
of  the  vacuous  space  surrounding  incandescent  filaments,  may  be 
considered  as  a  discussion  of  the  paper  upon  the  '^  Edison  Effect  "^ 
in  incandescent  lamps,  which  was  read  before  the  Institute  by 
Professor  Houston,  in  October,  1884,  and  which  was  the  first 
paper  read  before  this  society. 

"Edison  Effect"  is  the  name  given  to  the  effect  produced  by 
those  currents,  first  observed  by  Mr.  Edison,  which  pass  from  one 
leg  of  an  incandescent  filament  across  the  vacuous  space  to  the 
other  leg,  and  which  can  be  observed  by  connecting  a  galvanome- 
ter between  the  positive  lamp  terminal  and  a  wire  sealed  into  the 
bulb  and  projecting  into  the  vacuous  space. 

Figure  4,  which  is  taken  from  Professor  Houston's  paper^ 
serves  to  illustrate  Mr.  Edison's  original  experiment.  The  gal- 
vanometer indicates  a  current  flowing  from  the  positive  lamp 
terminal  through  the  galvanometer  and  third  lamp  wire,  and 
through  the  vacuous  space  to  the  negative  leg  of  the  incandescent 
filament.  If  the  external  connection  of  the  galvanometer  be 
changed  from  the  positive  terminal  to  the  negative  terminal,  no 
current  will  flow  through  the  galvanometer.  This  effect  can  be 
observed  in  the  most  highly  exhausted  lamps.  A  lamp  so  highly 
exhausted  that  it  shows  no  glow  when  tested  with  an  induction 
coil,  giving  a  spark  f "  long,  will  allow  a  current  suflSciently  large 
to  show  plainly  on  a  not  very  sensitive  galvanometer,  to  pass 
through  its  vacuous  space.  This  current  increases  as  the  temper- 
ature of  the  filament  is  increased,  but  in  a  well  exhausted  lamp  is 
never  greater  tlian  a  very  few  milliamperes,  when  the  lamp  is 
burned  at  about  2^  watts  per  candle. 

In  1884  Mr.  Preece  secured  from  Mr.  Edison  some  lamps  hav- 
ing wires  sealed  into  the  bulbs,  and  read  a  paper  before  the  Royal 
Society  describing  some  experiments  made  upon  them,  illus- 
trating the  "  Edison  Effect." 

Professor  Fleming  read  a  most  elaborate  paper  before  the  Physi- 
cal Society  of  London,  in  March,  1896,  upon  this  same  subject 
Professor  Fleming's  experiments  proved  that  in  well  exhausted 
lamps  the  vacuum  is  not  a  conductor  in  the  ordinary  sense  of  the 
word,  and  that  the  current  which  passes  through  it  is  carried  by 
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oegatively  charged  molecnles,  which  pass  coostatitly  from  the 
negative  leg  of  the  incandeecent  filament  to  tlie  positive  leg  and 
to  any  inserted  wire,  thus  bringing  the  inserted  wire  to  the  same 
potential  as  the  negative  leg.  Professor  Fleming  also  proved 
that  these  molecules  pass  in  straight  lines,  and  that  their  passage 
is  completely  or  almost  completely  stopped  by  a  glass  or  mica 
screen  placed  between  the  negative  leg  and  the  inserted  wire. 
The  following  experiments  serve  to  illustrate  these  effects: 

Figure  5  shows  a  lamp  having  a  glass  tube  surrounding  one 
leg  of  the  filament,  and  a  wire  sealed  in  the  side  of  the  bnlb, 
which  projects  into  the  centre  of  the  vacnous  space.  When  the 
leg  of  the  iilament  which  is  in  the  glass  tube  is  made  positive, 
and  the  filament  heated  to  about  a  2J  watts-per-candle  tempera- 
ture, the  galvanometer,  which  ia  connected  between  the  wire  and 
the  positive  lamp  terminal,  shows  a  strong  defiection,  bat  when 
the  leg  in  the  tube  is  made  negative,  the  galvanometer,  being  as 


before  connected  between  the  wire  and  the  positive  lamp  ternfi- 
nal,  shows  no  deflection. 

Figure  6  shows  a  lamp  having  a  platinum  plate  Si"  long  and 
}'  wide  between  the  legs  of  the  filaments,  and  a  wire  inserted  in 
the  vacuous  space.  I  also  used  lamps  having  a  similar  plate  made 
of  glass,  similarly  placed.  In  both  of  these  lamps,  when  the 
vacuum  was  high,  no  current  was  produced  between  the  wire  and 
the  positive  terminal  when  the  wire  w)is  shielded  from  the  nega- 
tive legj  but  shielding  the  wire  from  the  positive  leg  made  no 
hindrance  to  the  passage  of  the  current.  The  facts  that  no  cur- 
rent flows  when  the  galvanometer  is  connected  between  the  neg- 
ative terminal  of  the  lamp  and  the  inserted  wire,  and  that  a  shield 
between  the  positive  leg  and  the  inserted  wire  has  no  effect  npon 
the  current,  show  that  positively  charged  molecules  are  not 
emitted  by  the  positive  leg;   while  the  screen   effects  jnst  de- 
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scribed  show  that  the  negatively  charged  molecules  pass  in 
straight  lines. 

The  facts,  then,  are  these :  The  galvanometer  indicates  a  cur- 
rent flowing,  as  we  designate  the  direction  of  currents,  from  the 
wire  to  the  negative  leg;  while  experiments  prove  that  the 
charged  molecules  which  carry  the  current  actually  pass  from  the 
negative  leg  to  the  wire.  These  facts  are  entirely  in  accord  with 
the  results  obtained  by  Crookes  and  others  in  their  investigations 
of  currents  in  high  vacua. 

If  an  alternating  current  is  used  to  render  the  filament  incan- 
descent, the  galvanometer  will  indicate  a  current  with  the  con- 
nection made  to  either  lamp  terminal,  because  both  are  equally 
positive.  The  current  thus  produced  is  a  uni-directional  one  in 
the  galvanometer,  and  illustrates  very  well  the  uni-lateral  con- 
ductivity between  the  incandescent  filament  and  the  wire. 

Mr.  Preece  states  in  his  paper  that  lamps  which  show  a  blue 
glow  in  the  vacuous  space  give  stronger  "Edison  Effects"  than 
those  which  do  not  show  it.  Professor  Fleming  also  observes 
that  poorly  exhausted  lamps  give  slightly  greater  effects,  but 
neither  of  them  paid  much  attention  to  these  lamps. 

The  blue  glow  in  lamps  has  long  been  associated  in  my  mind 
with  a  condition  of  the  vacuum  which  makes  it  a  conductor. 
Lamps  in  the  process  of  exhaustion,  just  before  the  vacuum  is 
perfected,  show  this  blue  very  plainly,  if  a  little  more  than 
normal  current  is  sent  through  tlie  filament.  The  blue  increases 
as  the  current  is  increased  and  becomes  very  dense  at  very  high 
temperatures.  This  blue  indicates  a  current  passing  from  one 
leg  of  the  filament  across  the  vacuous  space  to  the  other  leg. 

I  observed  several  years  ago,  that  at  a  high  temperature  .04 
or  .05  of  an  ampere  more  current  flowed  through  a  lamp  show- 
ing a  good  blue  than  through  the  same  lamp,  at  the  same  volt- 
age, when  the  blue  had  disappeared.  I  concluded  that  this  extra 
current  flowed  through  the  vacuous  space  between  tlie  legs  of 
the  filament. 

If  a  direct  current  about  20  or  30  per  cent,  greater  than  the 
normal  current  be  passed  through  a  lamp  filament  when  the  vac- 
uous space  shows  a  blue  glow,  the  positive  joint  between  the  fila- 
ment and  the  platinum  wire  gets  red  hot,  while  the  negative 
joint  remains  cool. 

I  have  always  considered  this  as  proof  that  the  resistance  to 
the  passage  of  a  current  through  a  vacuous  space  was  chiefly  at 
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the  snrface  of  the  positive  electrode,  as  the  eoerf^y  was  cliiefly 
developed  there.  If  an  alternating  current  is  need,  both  joints 
gel  eqnall;  hot. 

If  a  lamp  be  burned  at  normal  incandescence  with  a  direct 
corrent,  when  the  I'acuouB  space  shows  a  good  deal  of  this  blue, 
the  negative  leg  of  the  filament  becomes  coated  with  a  carbon 
soot  This  effect  can  lie  obtained  in  a  few  minutes  if  the  blue  is 
dense  and  the  filament  is  run  above  a  normal  incandescence. 
This  I  have  considered  to  be  due  to  an  electrolysis  of  a  hydro- 
carbon gas  in  the  lamp. 

The  lamps  which  show  only  a  slight  amount  of  this  blue  glow, 
if  burned  at  normal  incandescence,  will  not  show  this  carbon  soot 
perceptibly,  and  the  blue  will  entirely  disappear  if  the  lamp  is 
burned  for  a  few  hours.   This  blue  is  caused  more  by  the  charac- 


ter of  the  residual  gas  than  by  the  degree  of  exhaustion.  Lamps 
having  a  residual  of  bromine  vapor  do  not  show  it  at  all,  neither 
do  they  show  any  "Edison  Effect."  I  have  seen  ordinary  lamps 
ready  to  be  sealed  off  the  pumps  which  showed  blue  and  then 
no  blue,  and  blue  again,  at  regular  intervals  of  a  few  seconds. 
Soch  lamps  show  corresponding  changes  in  the  "Edison  Effect." 
If  the  cnrrent  he  gradually  increased  in  a  lamp  which  shows 
good  blue,  the  positive  joint  will  get  hotter  and  hotter  and  finally 
its  platinum  wire  will  fuse.  At  this  stage  the  resistance  to 
the  flow  of  cnrrent  across  the  vacuous  space  is  not  great,  and  if 
the  conditions  are  such  that  at  this  time  all  the  resistance  in  cir- 
cuit with  the  lamp  has  been  cut  out,  so  that  the  current  flowing 
will  be  practically  determined  by  the  resistance  of  the  lamp  and 
the  leads,  enongh  current  will  flow  through  the  vacuous  space  to 
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ftue  the  platinum  wires,  which  are  sealed  in  the  glass.  TbiB 
fusioD  ia  not  dne  to  the  same  cause  as  the  fusion  of  the  poBitive 
joint  wire  by  the  vacuam  current,  because  it  fuses  both  positive 
and  negative  wires,  while  the  vacuum  current  fuses  only  the 
positive.  This  fusion  of  both  wires  is  dne  to  the  fact  that  the 
low  resistance  of  the  vacuous  space  allows  more  cnrreot  to  pasft 
than  the  platinum  wire  can  carry.  This  is  further  demonstrated 
by  the  fact  that  a  10-ampere  fuse  in  the  circuit  will  often  blow 
when  tbia  happens. 

In  order  to  measure  the  currents  which  pass  from  one  leg  of 
the  filament  to  the  other  across  the  vacuous  space,  I  measured 
the  current  at  a  given  voltage  of  a  number  of  lamps;  tirst  when 


the  lamps  sliowed  a  good  dense  blue,  before  they  were  well  ex- 
hausted, and  again  after  the  same  lamps  were  well  exliausted 
and  showed  no  blue.  Some  55-volt  2-i  c.  v.  lamps  sliowed  A  of 
an  ampere  more  on  the  first  reading  than  on  the  second.  All  of 
this  .4  of  an  ampere  must  have  passed  through  the  vacuous 
space,  for  the  resistance  of  the  filament  remained  practically  un- 
changed or  became  a  little  lower  during  the  operation. 

I  also  measured  the  currents  which  i)asKed  across  the  vacuous 
space,  when  these  currents  were  large  enough  to  fuse  the  joint 
wire,  and  also  when  they  were  large  enough  to  fuse  both  plat- 
inum leading-in   wires.     I  fuuud  that  from  one  to  live  amperes 
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passed  across  the  vacuous  space  when  the  positive  joint  wire  only 
was  fused,  and  that  when  both  wires  leading  through  the  glass 
were  expanded  so  by  the  heat  of  the  current  that  the  glass  was 
shattered,  the  current  measured  from  10  amperes  to  more  than 
25  amperes. 

In  order  to  measure  the  instantaneous  current  which  shattered 
the  glass,  I  raised  the  hand  of  the  ammeter  to  successively  higher 
points,  to  find  the  mark  at  which  the  current  would  just  raise 
the  pointer.  I  used  an  ammeter  measuring  25  amperes,  and 
when  the  pointer  was  raised  to  the  25  ampere  mark  the  current 
through  the  vacuous  space  caused  it  to  jump  beyond  this  mark. 

Figures  7  and  8  show  stems  of  lamps  exhibiting  the  effects  of 
currents  of  from  one  to  25  amperes  passing  through  the  wires 
and  the  vacuous  space.  The  glass  about  the  wires  shows  the 
fusing  effect  of  the  current,  and  the  fracture  of  the  glass  shows 
the  effect  of  the  expansion  of  the  wires  by  the  heating  effect  of 
the  current.  The  undisturbed  condition  of  the  glass  between 
the  two  leading-in  wires  shows  that  the  current  did  not  pass 
across  the  glass,  but  must  have  passed  through  the  vacuous 
space.  Gradations  of  current  from  one  to  25  amperes,  used  in 
this  experiment,  were  obtained  by  regulating  the  amount  of  re- 
sistance in  the  circuit  when  the  experiments  were  made.  Unless 
some  resistance  had  been  left  in  the  circnit,  all  of  these  lamps 
would  have  shown  currents  as  high  as  25  amperes  or  thereabouts, 
because  the  conductivity  of  the  vacuous  space  increases  very  rap- 
idly when  the  effect  is  great  enough  to  start  the  fusion  of  the 
wires. 

The  lamp  shown  in  Figure  9  illustrates  the  fact  that  the  heat 
produced  at  the  positive  joints  by  the  "Edison  Effect"  current 
is  not  simply  the  result  of  a  mechanical  bombardment.  This 
lamp  was  exhausted  to  show  a  good  blue.  The  temperature  of 
the  filament  was  raised  sufficiently  to  cause  vacuum  currents 
large  enough  to  heat  the  positive  joint  red  hot.  The  outer  end 
of  the  middle  wire  was  then  connected  to  the  positive  lamp  ter- 
minal. When  this  was  done  the  positive  joint  became  cool  and 
the  middle  wire  got  red  hot.  This  was  repeated  several  times. 
The  middle  wire  got  hot  enough  to  fuse  the  end,  which  was 
platinum.  This  indicates  that  most  of  the  heat  is  caused  by  the 
charged  molecules  coming  in  contact  with  some  conductor  which 
will  carry  away  their  charge.  The  current  was  not  measured  in 
this  experiment. 
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Figure  10  ehowe  tlie  lamp  umd  in  a  similar  experiment.  The 
middle  wire  carried  a  copper  plate  about  1"  long  and  1"  wide. 
This  lamp  was  exhausted  to  show  a  good  blue.  An  ammeter 
was  connected  between  the  middle  wire  and  the  positive  lamp 
terminal,  Ab  the  current  was  gradually  raised,  the  vacuum  c«r- 
rent  heated  the  copper  plate  until  it  was  funed,  a^  shown  in  the 
%ure.  The  ammeter  in  this  case  indicated  over  five  ampere* 
flowing  through  the  vacuous  space  between  the  negative  leg  of 
the  filament  and  the  copper  plate. 

I  next  tried  a  series  of  experiments  to  determine  whether  the 
cnrrent  which  passes  through  tlic  vacuous  space  when  the  blue 
glow  is  present  was  the  effect  of  charged  molecules  moving  in 
straight  lines  only,  from  the  negative  leg,  or  whether  this  current 
would  pass  around  a  screen.  If  a  blue  glow  should  appear  in 
lamps  with  a  shield  between  the  legs  of  the  incandescent  fila- 
ment, it  would  be  an  indication  that  the  charged  molecules  under 
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these  conditions  could  carry  a  current  between  the  two  legs  in 
other  than  straight  lines,  and  if  the  positive  joint  should  get  red 
hot  in  such  a  lamp  it  would  indicate  that  the  charged  molecnies 
pass  around  an  obstacle  quite  freely.  For  this  experiment  I 
used  a  lamp  with  a  glass  plate  2^"  long  and  ^"  wide  between 
the  legs  of  the  incandescent  filament.  It  was  necessary  to  raise 
the  filament  in  this  lamp  to  a  very  high  temperature  before  the 
blue  appeared,  and  then  instead  of  appearing  gradually,  aa  it 
does  in  ordinary  lamps,  it  appeared  suddenly  and  in  great  aband- 
ance  and  the  positive  joint  got  red  hot,  so  that  it  was  necessary 
to  reduce  the  temperature  of  the  filament  to  prevent  the  fusion 
of  the  joint  wire.  As  the  temperature  was  reduced,  the  bine 
gradually  decreased,  as  it  does  in  ordinary  lamps. 

When  the  temperature  waa  so  reduced  that  very  little  blue 
was  visible,  the  blue  would  increase  gradually  again  if  the  tem- 
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perature  was  increased.  Wlien  the  circuit  was  broken,  the  fila- 
ment had  to  be  again  raised  to  the  high  temperature  before  the 
blue  again  appeared.  In  this  lamp  the  blue  appeared  at  136 
volts,  and  remained  when  the  pressure  was  reduced  to  109  volt«, 
but  would  disappear  between  109  and  101  volts. 

My  next  experiment  was  with  a  lamp  (shown  in  Fig.  11)  hav- 
ing a  platinum  screen  between  the  legs  of  the  filament  and  a 
platinum  wire  sealed  in  the  side  of  the  bulb  and  projecting  in 
the  vacuous  space,  with  its  end  bent  so  as  to  run  parallel  with 
one  leg  of  the  filament  for  about  1"  between  the  filament  and 
the  platinum  plate.  When  this  filament  was  heated  to  about  a 
2i-watts-per-candle  temperatui'e,  the  vacuum  current  did  not 
pass  around  the  screen  and  no  blue  showed  in  the  vacuous  space. 
That  leg  of  the  filament  being  negative  which  was  on  the  same 
side  of  the  screen  as  the  wire  which  was  sealed  into  the  bulb,  I 
connected  the  galvanometer  between  this  wire  and  the  positive 
lamp  terminal.  The  galvanometer  showed  a  strong  current.  On 
breaking  the  galvanometer  circuit,  blue  appeared  on  the  positive 
joint  and  in  the  bulb.  I  repeated  this  several  times.  It  occurred 
when  the  temperature  was  considerably  below  the  temperature 
necessary  to  start  the  blue  around  the  screen. 

In  each  case,  connecting  the  galvanometer  between  the  wire 
and  the  positive  terminal  would  cause  blue  to  appear  about  the 
inserted  wire  and  the  negative  leg,  and  breaking  the  galva- 
nometer circuit  would  cause  blue  to  appear  on  the  positive  joint, 
and  in  the  vacuous  space  about  the  positive  joint,  and  about  the 
negative  leg  of  the  filament. 

With  this  same  lamp  I  observed  that  when  the  filament  was  at 
a  temperature  not  sufiicient  to  start  the  blue,  if  I  touched  the 
positive  terminal  with  one  finger,  and  the  inserted  wire  with  the 
other,  the  blue  immediately  appeared  in  the  vacuous  space  about 
the  positive  joint  and  the  negative  leg  of  the  filament. 

These  experiments  demonstrate  that  in  lamps  exhausted  so  as 
to  show  a  good  blue,  the  charged  molecules  have  some  difficulty 
in  starting  their  passage  from  one  leg  to  another  around  an 
obstacle,  but  maintain  their  passage  after  it  has  been  once  estab- 
lished. Also,  that  their  passage  around  an  obstacle  is  easily 
established  by  starting  a  flow  of  charged  molecules  from  the 
negative  leg  through  a  small  unobstructed  part  of  the  vacuous 
space,  to  an  inserted  wire  which  is  connected  to  the  positive 
terminal,  and  then  breaking  the  positive  terminal  connection. 
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To  determine  how  large  a  current  could  be  made  to  flow  around 
an  obstruction  in  lamps  exhausted  to  show  a  good  blue,  I  used  a 
lamp  shown  in  Fig.  12,  having  a  glass  tube  about  the  negative 
leg,  and  the  wire  sealed  in  the  side  of  the  bulb,  running  parallel 
with  the  positive  leg  for  about  1".  I  connected  an  ammeter 
between  the  inserted  wire  and  the  positive  lamp  terminal,  and 
raised  the  temperature  of  the  filament  imtil  a  dense  blue  ap- 
peared in  the  vacuous  space,  and  about  the  wire  and  the  end  of 
the  glass  tube.  The  temperature  of  the  filament  was  raised  until 
the  vacuum  current  fused  the  platinum  wire  which  was  sealed 
into  the  bulb.  When  this  occured,  the  ammeter  indicated  2J  am- 
peres, and  remained  at  this  reading  one  or  two  seconds. 

Any  of  the  lamps  in  which  the  condition  of  the  vacuum  is  just 
right,  showing  the  blue  glow,  will  show  a  current  in  a  galvanometer 
connected  between  the  wire  inserted  in  the  vacuous  space,  and 
the  negative  lamp  terminal,  but  in  all  cases  this  current  is  small. 
One-half  milliampere  is  the  largest  current  I  have  observed  under 
these  conditions. 

•  I  next  tried  some  experiments  with  lamps  like  the  one  shown 
in  Fig.  13,  which  has  two  wires  sealed  in  opposite  sides  of  the 
bulb,  which  project  inward  to  a  point  near  the  filament  about 
\^  above  the  joints.  This  lamp  was  exhausted  to  show  a  good 
blue.  The  galvanometer  was  connected  between  the  wires  which 
were  sealed  in  opposite  points  of  the  bulb.  No  current  was  in- 
dicated until  the  temperature  of  the  filament  was  raised  quite 
high,  and  the  blue  glow  was  quite  intense. 

Under  these  conditions  the  galvanometer  indicated  a  current 
of  .1  milliampere. 

I  have  made  experiments  upon  two  lamps  containing  bromine 
vapor.  One  of  these  lamps  which  contained  bromine  enough  to 
depress  the  barometric  column  -^ '',  showed  no  "Edison  Effect" 
when  the  potential  was  run  up  as  high  as  170  volts,  using  a  110- 
volt  lamp. 

The  second  lamp  had  very  much  less  bromine  vapor  in  it,  and 
showed  a  very  slight  "Edison  Effect."  This  lamp  acted  very 
peculiarly.  When  first  tried  it  gave  an  "  Edison  Effect "  which 
changed  very  little  in  value  between  105  and  140  volts.  At  120 
volts,  the  vacuum  current  showed  a  deflection  of  the  galvanometer 
of  14  scale  divisions,  while  at  128  volts  it  showed  a  deflection  of 
only  12  scale  divisions.  I  observed  this  several  times.  This  was 
quite  a  large  reverse  change,  as  the  current  at  146  volts  only  in- 
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creased  enough  to  give  a  deflection  of  the  galvanometer  of  16 
scale  divisions.  This  change  was  observed  on  several  days,  but 
it  was  less  marked  each  time  it  was  tried,  until  it  finally  disap- 
peared. 

The  question  naturally  arises,  what  causes  the  blue  glow  in  the 
vacuous  space  ?  The  glow  is  luminous,  and  luminosity  can  only 
come  from  matter;  consequently  we  conclude  that  the  vacuous 
space,  when  blue  shows,  is  tilled  with  luminous  molecules,  and 
as  these  moleculeis  are  not  of  themselves  luminous,  we  must  seek 
for  the  cause  of  their  luminosity. 

We  have  seen  that  the  negatively  charged  molecules  liberate 
considerable  energy  on  coming  in  contact  with  a  body  that  con- 
veys away  their  charge.  We  have  also  seen  that  when  the  blue 
glow  is  present  there  is  a  considerable  flow  of  charged  molecules 
through  the  vacuous  space,  and  that  the  naturally  rectilineal 
movements  of  these  molecules  are  disturbed. 

We  also  know  that  molecules  are  emitted  from  the  positive 
leg  about  as  plentifully  as  from  the  negative  leg,  although  these 
molecules  do  not  carry  a  positive  charge. 

The  conclusion  seems  to  be  that  the  blue  glow  is  a  manifesta- 
tion of  the  energy  developed  by  the  meeting  of  the  charged 
molecules  with  other  molecules  which  take  away  part  or  all  of 
their  charge. 

Well  exhausted  incandescent  lamps  which  have  burned  a  long 
time  show  a  black  deposit  on  the  inner  surface  of  the  bulb.  In 
lamps  with  thick,  stiff,  single-loop  filaments,  in  which  the  two 
legs  lie  in  the  same  plane,  a  light  line  may  be  observed  in  the 
black  deposit,  which  is  caused  by  the  shielding  of  this  line  by 
one  leg,  from  the  molecules  emitted  by  the  other  leg.  This  line 
shows  with  about  equal  clearness  opposite  both  legs,  indicating 
that  carbon  molecules  are  constantly  emitted  from  both  legs, 
equally  and  in  straight  lines. 

In  lamps  which  have  been  imperfectly  exhausted,  the  black 
deposit  sometimes  appears  in  patches,  symmetrically  placed  with 
reference  to  the  carbon.  I  regard  these  figured  discolorations 
as  indications  of  disturbances  in  tlie  rectilineal  paths  of  the  mole- 
cules, and  of  the  influence  of  the  magnetic  field  u;«on  the  dis- 
turbed molecules. 

The  activity  of  the  molecules  carrying  current  across  the  vac- 
uous space  seems  to  depend  more  on  the  temperature  of  the  filament 
than  on  the  potential  difference  between  the  lege,  40-volt  lamps 
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showing  about  as  stroug  effects  as  140-volt  lamps.  The  energy 
they  exhibit  in  one  direction  seems  to  be  very  mach  greater  than 
we  would  expect  from  molecules  actuated  by  a  potential  differ- 
ence of  only  40  or  50  volts.  The  action  of  these  molecules  in 
carrying  electricity  in  one  direction  onl}-,  may  be  an  indication 
of  the  nature  of  the  action  between  molecules  in  solid  conduct- 
ors carrying  currents,  rather  than  an  illustration  of  the  action  of 
statically  charged  molecules. 


Discussion. 

Mr.  John  W.  Uowell: — After  I  had  written  this  paper,  I 
broke  the  lamp  having  the  graphite  filament  and  took  a  part 
of  the  filament  out,  and  measured  its  specific  resistance.  Its 
specific  resistance  (the  resistance  of  a  piece  one  inch  long  and 
one  circular  mil  area)  was  450  ohms.  The  lowest  spocitic  resist- 
ance I  have  ever  measured  of  amorphous  carbon  is  al)ont  2200 
ohms.  The  treatment  obtained  by  hydrocarbon  deposit  is  about 
350  ohms,  which  is  about  six  or  seven  times  as  low;  and  this 
graphite  lamp  was  450  ohms,  which  was  very  nearly  the  figure 
of  the  carbon  obtained  by  treatment,  and  I  tliink  if  it  had  been 
a  more  solid  graphite  it  would  have  been  lower.  I  can  also  say 
that  the  specific  gravity  of  graphite  is  practically^  the  same  as  the 
specific  gravity  of  the  carbon  obtained  b}'  hydrocarbon  deposit. 

The  Presihent: — How  was  that  filament  made^ 

Mr.  Howell:— It  was  simply  made  by  making  a  die,  filling 
it  with  graphite  and  solidifying  it  under  great  pressure — so  great 
pressure  that  it  made  a  solid  graphite  filament  of  it. 

Dr.  a.  E.  Kennelly  : — I  believe  that  I  voice  the  general  sen- 
timent in  saying  that  this  is  a  very  interesting  paper,  both  by 
reason  of  wliat  it  contains  of  investigation  and  by  reason  of  what 
it  suggests  for  further  iiuiuiry. 

I  remember  having  taken  part  in  the  measurements  of  resist- 
ance in  the  lamp  filament  referred  to.  I  believe  that  the  theory 
given  in  this  paper  was  suggested  at  that  time  for  the  apparently 
abnormal  behavior  of  its  resistances,  but  the  additional  evidence 
was  not  then  forthcoming  which  enables  Mr.  Howell  to  make  so 
strong  a  case  for  thnt  theory  in  this  paper. 

It  is  perhaps  no  more  surprising  that  graphite  should  diflFer 
markedly  from  ordinary  carbon  in  its  temperature  co-eflSeient  of 
resistivitv,  than  that  diamond  should  differ  niarkedlv  from  .ordi- 
nary  carbon  in  its  hardness. 

Incidentally  it  is  curious  to  observe  from  the  curves  in  the 
paper  that  approximately  five  per  cent,  of  the  voltage  needed  to 
produce  an  inefficiency  of  three  watts  per  candle,  raised  the  tem- 
perature of  the  filaments  experimented  on  to  5u0°  F.,  or  260°  C. 

It  has  long  been  known  that  the  passage  of  a  continuous  cur- 
rent through  a  Geissler  tube  set  up  a  series  of  pulsatory  current* 
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or  discharges,  which  are  capable  of  producing  alternating  cur- 
rents in  a  separate  circuit,  through  the  intermediary  of  an  alter- 
nating current  transformer.  80  far  as  I  know,  however,  it  has 
been  |>ointed  out  for  the  first  time  in  this  paper,  that  an  alter- 
nating current  passed  through  an  incandescent  lamp  giving  the 
"Edison  EflFect"  is  capable  of  producing  in  a  branch  circuit 
through  a  third  wire  in  a  lamp,  continuous  or  at  least  undirec- 
tional  currents.  Consequently  it  is  interesting  to  observe  that  a 
vacuum  tube,  in  the  broadest  sense  of  the  term,  is  capable  of  sup* 
plying  not  only  alternating  currents  from  continuous  currents, 
out  also  continuous  currents  from  alternating  currents. 

As  regards  the  results  obtained  in  the  interesting  manner 
described,  it  would  appear  that  some  of  these  observations 
diflFer  from  those  quoted  as  obtained  by  l)r.  Fleming.  It  would 
seem  that  Dr.  Fleming  took  the  position  that  the  bine  discharge 
can  only  travel  in  straight  lines,  whereas  in  some  of  the  experi- 
ments here  referred  to,  jis,  for  example,  those  in  connection  with 
Figs.  11  and  12,  the  blue  discharge  and  the  ''Edison  Effect" 
did  apparently  go  around  a  corner,  and  a  sharp  coi'ner  too. 

1  am  unable  to  follow  the  conclusion  mentioned  by  Mr.  How- 
ell, that  the  changre  in  the  development  of  heat  from  the  positive 
joint  to  the  middle  wire,  when  the  connections  are  changed,  indi- 
cates that  no  bombardment  can  take  place.  It  seems  to  me  pos- 
sible that  l>ombardment  might  still  take  place  under  a  directive 
influence  determined  by  the  point  of  connection.  No  doubt  Mr. 
Howell  can  make  this  matter  clear. 

Mb.  E.  a.  Colby  : — I  am  deeply  interested  in  Mr.  Howell's 
paper,  especially  the  latter  part  of  it,  referring  to  the  so  called 
''Edison  Effect."  \V  hile  I  am  not  prepared  to-night  to  present  any 
theory  as  to  the  phenomena  observed,  1  can  say  that  the  charac- 
teristics which  Mr.  Howell  has  mentioned  are  well  known  to  me. 
I  would  like  to  ask  if  he  has  substituted  for  the  galvanometer 
which  he  used  in  measuring  the  currents,  the  still  more  sensitive 
instrument,  the  telephone,  and  whether  he  has  attempted  with  its 
aid  to  explore  the  vacuous  space  by  the  insertion  of  platinum  wires 
at  different  points  in  the  gla^s  bulb.  JSonie  years  ago  I  tried  an  ex- 
periment of  this  character  which  was  described  in  a  discussion  be- 
Tore  the  Institute.  I  sealed  into  a  lamp  bulb  in  the  plane  of  the 
filament  a  number  of  platinum  wires  about  one  inch  apart.  Con- 
necting the  terminals  of  the  telephone  with  the  positive  leg  of 
the  lamp,  and  with  one  of  these  wires  1  observed  a  note  in  the 
telephone  which  varied  in  pitch  according  to  the  position  of  the 
wire  sealed  into  the  bulb.  When  the  telephone  was  connected 
to  the  positive  leg  on  one  side,  and  to  the  platinum  terminal 
which  was  nearly  at  the  middle  of  the  filament,  or  more  correctly 
on  the  diagonal  to  positive  terminal  of  the  area  enclosed  by  the  legs 
of  the  filament,  I  obtained  the  maximum  note,  and  as  I  carried  this 
terminal  of  the  telephone  near  to  the  negative  leg  of  the  filament 
1  got  practically  no  sound  whatever.     I  also  inserted  in  a  similar 
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lamp  a  glass  plate,  upon  wbich  I  obtained  a  deposit  of  carbon 
upon  one  side  only,  the  depth  of  the  deposit  apparently  increas- 
ing from  the  base  of  the  lamp  to  the  apex,  indicating  that  par- 
ticles of  carbon  were  actually  transferred  from  one  leg  of  the 
filament  to  this  glass  plate.  I  then  attempted  to  produce  me- 
chanical motion  within  the  bulb  of  the  lamp  bv  constructing  a 
very  delicate  mill  out  of  mica  vanes,  and  supportmg  the  same  oe- 
tween  the  legs  of  the  filament.  This  mill  was  composed  of  four 
aluminium  arms  with  mica  vanes  attached,  and  was  shaded — 
half  of  it  — so  that  only  one  portion  would  be  exposed  to  the 
impact  of  the  carbon  molecules.  This  experiment  was  only  tried 
once  and  proved  a  failure. 

I  notice  that  Mr.  Howell  reaches  the  conclusion  that  the 
luminosity  is  due  to  the  energy  set  free  by  the  impact  of  the 
molecules  of  matter  present,  which  is  undoubtedly  the  case.  I 
should  be  very  glad  if  he  would  express  an  opinion  as  to  what 
may  be  the  nature  of  these  molecules,  whether  they  are  particles 
of  carbon,  or  whether  they  are  hydrogen  gas,  or  compounds  of 
hydrogen  with  carbon. 

There  is  one  other  point  which  I  would  like  to  bring  up,  and 
that  is  the  effect  of  gases,  such  as  bromine,  left  in  the  bulb.  1 
entirely  agree  with  Mr.  Howell  that  when  bromine  gas  in  an  ap- 
preciable amount  is  left  in  a  bulb,  the  blue  discharge  disappears, 
and  that  the  current  across  the  vacuous  space  is  absent.  1  have 
also  found  the  same  to  be  true  if  the  vacuous  space  or  the  space 
within  the  lamp  bulb  is  occupied  by  the  vapor  of  chloroform  and 
various  other  hydrocarbons.  But  1  have  also  noticed  that  when 
certain  compounds  are  present  in  the  bulb,  the  blue  discharge, 
instead  of  disappearing,  actually  increases.  And  notably  I  recall 
a  case  where  a  lamp  had  been  exhausted  which  had  attached  to 
the  bulb  a  tube  containing  mercuric  cyanide.  Upon  heating  this 
tube  until  the  glass  was  ready  to  collapse  we  forced  the  vapor  of 
mercuric  cyanide,  or  possibly  the  components  of  mercuric 
cyanide,  into  the  lamp  bulb.  Upon  raising  the  current  appreci- 
ably afterwards,  the  blue  discharge  sudd^^nly  appeared  and  spread 
out  in  concentric  rings  from  the  positive  leg  nearly  reaching  to 
the  negative,  and  a  short  circuit  resulted  after  the  lamp  had  re- 
mained on  the  pump  a  few  luoments.  The  same  increase  in  the 
blue  discharge  1  had  also  observed  in  lamps  containing  filaments 
which  w^ere  imperfectly  carbonized.  In  the  earlier  manufacture 
of  the  tamadine  filament  we  undertook  to  carbonize  the  material, 
utilizing  the  same  temperature  with  which  we  had  been  carbon- 
izing the  ordinary  paper  and  silk  filaments,  but  unfortunately  we 
were  unable  to  reach  a  temperature  high  enough  to  effect  com- 
plete decomposition  of  the  tamadine.  Filaments  made  in  this 
way,  upon  being  sealed  in  the  lamp  bulbs  and  having  a  current 
passed  through  them,  became  further  carbonized,  and  the  re- 
sult was,  that  a  large  amount  of  gas  was  liberated  and  the  globes 
were  filled  completely  with  a  violet  blue  discharge,  and  if  the 


1897.]  DISCUSSION  IN  NEW  YORK,  45 

current  was  allowed  to  continue,  short  circuits  inevitably  re- 
sulted. This  indicated  to  me  at  the  time,  that  the  blue  discharge 
was  possibly  due  to  the  presence  of  gases  which  were  liberated 
from  the  carbon  filaments,  and  that  the  blue  discharge  in  other 
lamps  which  appears  when  a  high  degree  of  exhaustion  is 
reacned,  appearing  as  it  does  at  the  stubs  or  the  points  at  the 
lowest  temperature,  possibly  was  due  to  the  presence  of  occluded 
gases  at  those  points,  which  in  working  their  way  out  gave  rise 
to  the  blue  discliarge.  To  investigate  this  matter  further,  I  re- 
member that  we  sealed  glass  tubes  to  the  platinum  wires  so  that 
the  tubes  surrounded  the  stubs.  Upon  raising  the  current  to  the 
point  at  which  the  blue  discharge  usually  appeared  we  failed  to 
obtain  it.  But  upon  raising  it  still  more,  suddenly  the  blue  dis- 
charge shot  out  from  the  glass  tube  surrounding  the  positive  leg 
in  a  targe  amount,  and  the  temperature  at  that  point  was  so  high 
that  the  glass  tube  was  fused.  I  have  noticed  also  the  same 
eflfect  which  Mr.  Howell  mentions  of  the  heating  of  the  platinum 
wire  on  the  positive  side  due  to  the  vacuum  current.  I  have 
succeeded  more  than  once  in  obtaining  this  effect  without  fusing 
the  platinum  wire ;  raising  the  wire  to  a  red  heat  throughout  its 
seal  irom  the  interior  to  the  outside,  and  upon  reversing  the  cur- 
rent obtaining  the  same  effect  upon  the  opposite  side.  The  blue 
discharge  first  appearing  at  the  stub  and  gradually  traveling 
down  Sie  wire,  I  thougnt  at  the  time  that  it  might  be  due  to 
gases  occluded  in  the  platinum  wire  itself.  You  are  all  familiar 
with  the  fact  that  there  is  a  process  of  electric  forging  in  which 
the  metal  is  connected  to  the  negative  pole  and  inserted  into  a 
liquid  bath,  and  upon  turning  on  a  suflScient  amount  of  current 
the  negative  electrode  becomes  heated  to  a  very  high  tempera- 
ture. I  l>elieve  the  theory  for  this  is  that  the  metal  becomes 
enclosed  in  an  atmosphere  of  hydrogen,  the  resistance  of  contact 
being  so  high  that  the  temperature  is  raised  to  a  white  heat.  It 
occurred  to  me  that  platinum,  occluding  as  it  does  so  much 
hydrogen,  and  possibly,  also  the  stubs  and  filaments,  which  at 
very  high  temperatures  may  be  giving  off  hydrogen  as  a  result 
of  further  decomposition,  might  account  for  the  appearance  of 
tlfis  blue  discharge.  I  am  exceedingly  grateful,  personally,  to 
Mr.  Howell  for  his  Incid  explanation  of  the  phenomena. 

Dr.  Samuel  Shkldon  : — Last  year,  when  Rontgen  first  gave 
out  his  results,  I  was  looking  through  the  literature  of  the  sub- 
ject of  Crookes  tubes,  and  I  came  across  one  piece  of  informa- 
tion which  struck  me  as  rather  peculiar  and  which  may  bear 
upon  this  subject  here.  It  was  that  a  Crookes  tube  with  two 
electrodes  constituted  a  condenser;  that  the  capacity  of  this  con- 
denser depended  upon  the  condition  of  the  exhaustion,  upon  the 
size  of  the  electrodes  and  upon  the  distance  between  the  elec- 
trodes ;  that  the  dielectric  of  this  condenser,  if  it  can  be  so  called, 
exhibited  the  peculiar  property  of  breaking  down  when  the  volt- 
age impressed  upon  the  electrodes  exceeded  a  certain  amount, 
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and  that  when  a  Crookes  tube  was  properly  operated  so  as  to 
glow,  that  the  voltage  upon  the  terminals  was  always  of  a  defi- 
nite amount ;  it  never  exceeded  that  amount,  for  if  an  electro- 
motive force  which  was  greater  than  the  amount  necessary  to 
produce  this  glow  discharge  should  be  impressed  upon  the  two 
electrodes,  the  difference  of  potential  was  reduced  by  an  adjust- 
ment between  the  internal  resistance  of  the  coil  or  source  of  elec- 
tromotive force  and  a  series  of  pulsatory  discharges  of  widely 
varying  frequency  between  the  two  electrodes.  I  speak  of  this 
in  this  connection  because  it  seems  to  me  perhaps  to  explain  the 
experiment  of  Mr.  Howell  represented  in  Figure  11,  wnere  the 
discharge  was  not  observed  between  the  negative  terminal  and 
the  positive  terminal  when  a  shield  was  interposed,  but  which 
was  started  at  the  moment  that  the  intermediate  wire  was  con- 
nected with  the  negative  terminal.  In  the  latter  case,  the  length 
of  path  between  the  interposed  wire  and  the  positive  terminal 
was  lessened  to  such  an  extent  that  perhaps,  possibly,  the  voltage 
which  was  impressed  on  the  two  terminals  and  which  was  in  this 
case  limited,  because  it  was  short-circuited  through  the  filament, 
was  enabled  to  give  a  discharge,  and  that  once  having  been 
started  the  character  of  the  discharge  was  maintained,  as  is  often 
the  case  in  a  Crookes  tube. 

Mr.  Colby  : — I  would  like  to  ask  Mr.  Howell  if  he  has  made 
any  examination  of  the  blue  discharge  by  means  of  the  spectro- 
scope. I  have  in  my  notes,  under  October  11th,  1883,  an  instance 
where  we  had  this  pronounced  blue  discharge.  Upon  examina- 
tion of  the  discharge  with  the  spectroscope,  a  number  of  very 
bright  lines  to  the  right  of  the  D  or  sodium  line  were  seen.  But 
uniortunately,  before  their  position  could  be  fixed  the  lamp  short- 
-circuited.  In  every  case  I  find  my  notes  indicate  the  presence  of 
the  same  lines.  I  have  here  a  small  diagram  of  the  spectrum, 
indicating  as  nearly  as  could  be  done  by  three  observers,  Mr. 
Weston,  Professor  Garver  and  myself,  where  these  lines  were 
located.  The  sodium  line  was  clearly  visible.  The  most  marked 
line  was  a  bright  green,  which  Mr.  AVeston  thought  was  possibly 
due  to  the  presence  of  mercury.  It  might  possibly  have  been 
mistaken  for  hydrogen.  Hydrogen  and  oxygen  would  undouWt- 
edly  be  present  from  the  decomposition  taking  place.  Mr. 
Weston's  theory  is — I  am  reading  notes  which  were  made  at 
that  date — that  the  presence  of  hydrogen  brings  out  the  mercury 
lines.  The  exhaustion  in  all  these  cases  is  incomplete.  I  think 
it  would  be  verv  interesting,  if  Mr.  Howell  has  tiie  facilities,  to 
study  the  blue  discharge  by  means  of  the  spectroscope.  Possibly 
we  can  thus  get  information  as  to  what  matter  is  present,  giving 
rise  to  the  discharge. 

Secretary  Pope  (in  the  chair) : — The  questions  involved  in 
this  very  interesting  paper  are  necessarily  confined  to  the  ob- 
servations of  those  who  are  engaged  in  a  special  branch  of  the 
business,  and  for  a  moment,  when  Mr.  Colby  spoke  of  the  date 
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of  his  notes,  I  paused  to  think  whether  we  had  incandescent 
lamps  in  1883.  I  think  it  would  be  of  interest,  when  Mr.  Howell 
rises  to  close  the  discussion,  if  he  would  intimate  what  bearing 
this  investigation  has  upon  the  manufacture  of  lamps,  or  possibly 
its  interest  to  users  of  them.  How  these  lamps  are  made,  and 
the  intricate  processes  they  go  through  in  treating  these  fila- 
ments, is  of  course  a  sealed  book  to  many.  If  there  are  any  gen- 
tlemen present  who  are  not  members  of  the  Institute,  they  are 
&t  liberty  to  make  any  remarks  or  ask  any  questions  of  the 
author. 

Mr.  Douglass  Burnett  : — I  have  a  request  to  make  of  Mr. 
Howell,  that  in  closing  his  remarks  he  will  tell  some  of  the 
younger  members  what  tamadine  is. 

Mr.  Colby  : — Tamadine  is  a  name  which  unfortunately  con- 
veys very  little  meaning.  It  is  a  name  which  was  compounded 
by  one  of  Mr.  Weston's  assistants — his  secretary,  I  believe — who 
had  a  more  familiar  acquaintance  with  the  Greek  language,  or 
more  time  to  hunt  up  Greek  words  which  would  convey  the  true 
meaning  of  what  was  intended  than  the  rest  of  us.  Tamadine  is 
simply  a  cellulose  filament  which  is  made  bv  dissolving  ordinary 
gun-cotton  in  a  mixture  of  ether  and  alcohol ;  pouring  the  solu- 
tion on  a  glass  plate,  the  8C»1  vents  evaporate,  leaving  what  is  gen- 
erally known  as  collodion.  Of  course  in  this  state  it  is  highly 
inflammable,  and  it  must  be  treated  chemically  to  remove  the 
oxygen  combined  with  it  before  it  can  be  carbonized.  The  ad- 
vantages claimed  for  it  were  that  it  gave  a  homogeneous  fila- 
ment. [The  literal  meaning  of  tamadine  being  "without  struc- 
ture.]" Now  that  I  am  up — I  am  sorry  to  take  so  much  time, 
but  these  notes  I  have  not  looked  over  for  a  good  many  years — I 
find  on  December  26, 1883,  that  I  made  a  lamp  in  the  shape  of  a 
XJ  tube  for  the  purpose  of  investigating  still  further  this  blue 
discharge.  It  was  a  lamp  with  a  large  filament,  126  o.  p.  lamp, 
and  a  straight  tube  was  made  of  sufficient  length  to  contain  this 
filament,  and  then  bent  up  in  the  shape  of  the  letter  U.  In  this 
way  a  most  effective  screen  was  interposed  between  the  positive 
an^  negative  legs.  I  exhausted  this  lamp  as  finely  as  possible, 
inoreasing  the  current  until  both  stubs  were  very  hot,  without 
noting  the  least  trace  of  discharge.  After  burning  at  high  candle 
power  for  several  hours,  the  carbon  was  perfectly  clean.  In  other 
words,  there  was  no  discoloration  of  the  negative  leg,  as  is  oft^n 
observed,  but  the  sides  of  the  tube  were  badly  blackened.  The 
mechanical  difficulties  of  making  a  lamp  of  this  character  were 
too  great,  of  course,  to  adapt  it  to  commercial  purposes. 

Mr.  Woloott  : — In  connection  with  the  explanation  of  what 
tamadine  is,  1  will  say  it  is  entirely  new  to  me  that  tamadine  is 
nitro-cellnlose,  or  celluloid,  as  you  may  say.  1  certainly  read  in 
the  electrical  journals  once  that  it  was  made  by  treating  cellulose 
proper  with  ammonium  sulphide.  Some  one  wrote  an  article 
saymg  that  that  was  what  it  was. 
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Mr.  Colby  : — It  was  made  as  I  described  a  momeDt  ago,  in  the 
laboratory.  To  turn  it  out  in  large  quantities,  of  course  that 
process  was  altogether  too  slow,  and  we  resorted  to  the  facilities 
of  the  Celluloid  Manufacturing  Company  of  Newark,  and  they 
made  it  by  treating  ordinary  tissue  paper  and  reducing  it  to  the 
chemical  state  sucn  tbat  it  became  soluble  in  a  mixture  of  ether 
and  alcohol  with  certain  other  compounds. 

Mr.  Wolcott:— They  made  nitro-cellulose  of  it. 

Mr.  Colby: — Practically.  I  cannot  speak  with  knowledge  of 
their  process  or  the  exact  chemical  composition,  because  that  is  a 
secret  they  keep  themselves. 

Mr.  Wolcott: — Some  one  wrote  an  article — I  forget  who  it 
was — stating  that  Mr.  Weston  had  discovered  a  process  of  form- 
ing this  material  by  treating  the  cellulose  or  paper  with  ammo- 
nium sulphide,  and  that  is  entirely  different.  Of  course  I  do  not 
know  whether  there  is  anything  in  that  or  not. 

Mr.  Colby  : — That  is  sometliing  I  never  heard  of.  The  only 
use  to  which  we  put  ammonium  sulphide  was  to  reduce  the  nitro- 
cellulose. It  was  treated  with  that  to  render  it  less  inflammable. 
Very  likely  that  is  the  origin  of  the  statement. 

Mr.  Charles  Wirt  : — I  have  never  eeen  a  statement  of  the 
fact  that  contact  resistance  between  metals  has  a  negative  temper- 
ature co-efiicient.  This  is  a  fact  which  I  found  out  by  experi- 
ments some  years  ago,  and  I  have  always  associated  this  pecu- 
liarity with  the  negative  temperature  co-efficient  carbon,  which 
being  (at  least  in  most  forms)  of  rather  loose  structure  and  of 
high  resistance,  is  rather  suggestive  of  contact  resistance  between 
particles.  The  reversal  of  this  temperature  curve  in  Mr.  How- 
ell's diagram  interests  me  very  much,  and  I  would  like  to  know 
more  about  it.  It  looks  as  if  that  sample  of  graphite,  after  pass- 
ing a  certain  temperature,  became  something  that  was  not  graph- 
ite. We  get  a  striking  change  in  the  nature  of  phosphorus  by 
simple  heating  of  the  material,  the  resulting  allotropic  form  be- 
ing decidedly  unlike  the  original.  If  Mr.  Kennelly  or  Mr.  Howell, 
or  somebody  else,  would  investigate  this  graphite  further,  perhaps 
we  may  learn  how  to  make  diamonds. 

Mr.  Howell: — Mr.  Kennelly  suggests  that  the  argument 
which  I  made  that  the  heating  effect  observed  on  the  positive 
joint,  or  on  a  positively  connected  inserted  wire,  was  not  due  to 
molecular  bombardment  was  not  conclusive.  The  lamp  shown 
in  Figure  10  had  a  copper  plate  an  inch  Icmg  and  about  a  quarter 
of  an  inch  wide  between  the  legs  of  the  filament,  and  the  fila- 
ment itself  was  only  one  and  one-half  inches  high,  so  that  the 
little  globule  which  you  see  in  Figure  10  at  the  end  of  the  wire 
is  the  result  of  the  melting  of  a  copper  plate  which  extended 
two-thirds  at  least  of  the  length  of  the  loop.  In  that  lamp  there 
was  no  indication  of  heat  on  that  copper  plate,  unless  this  ex- 
ternal wire  was  connected  with  the  positive  terminal.  The  plate 
would  naturally  receive  a  very  large  proportion  of  the  molecular 
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bombardment,  which  was  directly  acrose,  between  the  two  legs. 
It  shielded  the  positive  joint  of  the  lamp  from  a  large  part  of 
the  direct  molecular  bombardment,  and  yet  it  would  not  get  hot, 
and  the  positive  joint  would  get  hot;  but  just  as  soon  as  that 
middle  plate  was  connected  to  the  positive  wire,  then  that  plate 
got  hot  and  the  joint  got  cold.  1  think  that  is  quite  conclusive 
that  the  bombardment  itself  does  not  produce  very  much  heat. 
It  may  produce  some,  but  not  very  much  until  there  is  positive 
connection  made  which  allows  the  molecules  to  discharge  to  a 
point  of  high  potential. 

Mr.  Kenneliy  also  suggests  that  my  conclusions  are  somewhat 
in  conflict  with  those  of  Professor  Fleming.  They  are  not. 
Professor  Fleming's  work  was  all  done  with  lamps  which  were 
highly  exhausted.  All  the  highly  exhausted  lamps  with  which  I 
experimented  behaved  exactly  as  Prof.  Fleming's  did.  There  was 
every  indication  that  the  molecules  passed  in  straight  lines  only. 
They  would  not  pass  around  the  screen  shown  in  Fig.  11,  and 
their  effects  would  not  be  exhibited  in  the  lamp  shown  in  Fig.  12 
when  the  negative  leg  was  in  the  tube.  The  power  to  pass  in 
other  than  straight  lines  exists  only,  so  far  as  my  experience 
shows,  when  the  vacumn  is  in  a  condition  to  give  a  blue  glow. 
In  that  case  I  believe  that  there  is  a  large  number  of  molecular 
collisions  constantly  occurring  in  the  vacuous  space,  and  perhaps 
the  charged  molecules  do  not  go  from  the  negative  to  the  posi- 
tive around  corners,  but  go  to  other  molecules  to  which  they  give 
up  their  charge.  Probably  the  motion  is  in  a  number  of  straight 
lines  instead  of  one.  But  in  all  cases  in  which  the  lamp  had  a 
high  vacuum,  as  it  was  in  all  the  lamps  Prof.  Fleming  used,  I 
found  no  ability  to  pass  in  other  than  straight  lines. 

Mr.  Colby  speaks  of  substituting  for  the  galvanometer  a  tele- 
phone for  exploring  the  potentials  of  the  vacuous  space.  That 
point  was  very  thorough Iv  covered  by  Professor  Fleming,  with 
a  condenser,  which  is  still  better  than  a  telephone.  The  indica- 
tions of  the  telephone  are  not  simply  indications  of  potential,  but 
are  indications  of  current,  and  the  current  in  this  case  must  de- 
pend on  the  number  of  molecules  which  are  received  by  the  pos- 
itively connected  wire.  His  experiments  with  a  telephone  are 
entirely  in  accord  with  all  of  my  experience,  which  shows  the 
current  a  maximum  between  the  positive  terminal  and  a  point 
near  the  bottom  of  the  negative  leg  of  the  tilament,  and  that  as 
JOM  go  distant  from  the  foot  of  the  negative  leg  you  get  less  and 
ess  total  bombardment  for  given  surface,  and  less  effect  on  the 
telephone.  But  with  the  condenser  you  find  the  potential  is  the 
same  everywhere ;  anywhere  in  the  vacuous  space  in  which  you 
insert  a  wire  and  get  it*  potential  difference  between  the  positive 
electrode  and  that  point.  In  fact,  every  point  of  the  vacuum  is 
reduced  to  the  potential  of  the  negative  leg.  The  condenser  was 
allowed  to  charge,  and  was  discharged  through  a  ballistic  galvan- 
ometer. 
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Mr.  Colby's  qaestion  as  to  whetlier  the  luminosity  was  due  to 
the  energy  of  carbon  or  of  other  molecules,  I  do  not  know  that  I 
can  answer  fully  ;  but  I  think  there  is  every  indication  that  it  is 
due  not  to  carbon  molecules  but  to  others.  I  do  not  think  it  is 
possible  to  get  a  blue  glow  in  a  lamp  after  it  has  been  well  ex- 
nausted — after  it  has  been  exhausted  of  everything  except  the 
carbon  molecules  which  come  from  the  filament.  It  is  only  to 
be  obtained  when  there  is  some  other  gas  or  vapor  in  the  lamp. 
Water  vapor  causes  a  very  marked  blue  effect.  One  fact  which 
I  mentioned  in  this  paper  was  that  in  the  presence  of  a  blue  dis- 
charge, if  a  direct  current  is  used  in  heating  the  filament,  a  black 
deposit  will  appear  on  the  negative  leg,  and  yet  you  know  that 
the  bombardment  which  affects  the  galvanometer  is  from  the 
negative  leg.  Yet  the  black  appeared  on  the  negative  leg,  show- 
ing that  there  is  a  transfer  of  carbon  molecules,  probably  from 
the  gas  in  the  bulb,  to  the  negative  leg,  and  that  is  always  ob- 
served where  you  have  a  blue  glow,  but  you  can  never  observe 
that  in  a  well  exhausted  lamp.  When  a  filament  is  heated  with 
a  direct  current  the  carbon  molecules  proceed  from  both  legs 
eaually.  1  do  not  think  there  is  any  evidence  in  my  possession 
which  indicates  that  there  is  a  greater  throwing  on  of  carbon 
molecules  from  one  leg  than  from  the  other.  I  know  that  other 
observers  have  stated  tiiat  there  was  such  evidence,  and  that  the 
carbon  molecules  were  thrown  off  very  freely  from  the  negative 
leg.  There  is  no  evidence  which  I  have  which  supports  it. 
There  is  plenty  of  evidence  that  if  one  leg  of  the  carbon  is  a 
little  thinner  tnan  the  other,  and  hotter,  it  will  throw  off  a  good 
deal  more  carbon  at  its  higher  temperature.  But  the  great  num- 
ber of  lamps  which  I  have  seen  which  show  an  equal  shade  on 
both  sides  of  the  bulb  indicate  that  that  is  equal  from  both  legs 
when  both  are  equally  hot. 

Mr.  Wirt's  suggestion  as  to  the  investigation  of  graphite  of 
high  temperatures  and  the  possibility  of  its  changing  into  some- 
thmg  which  is  not  graphite  is  worthy  of  consideration.  But  the 
fact  immediately  presents  itself  that  when  the  carbon  is  cold  it  is 
graphite  again.  It  is  pretty  hard  to  investigate  a  white  hot  sub- 
stance which  has  the  power  to  go  back  to  its  old  condition  when 
it  gets  cool  again. 

Mr.  Pope  speaks  of  the  bearing  which  this  paper  has  on  the 
manufacture  of  lamps.  The  only  bearing  it  has  is  to  tell  us  not 
to  make  lamps  that  snow  blue. 

The  action  of  these  molecules  emanating  effectively  from  the 
negative  leg  only,  is  very  curious,  and  I  hoped  that  the  suggestion 
which  I  made  at  the  very  end  of  this  paper  would  be  taken  up 
and  discussed  by  somebody  who  knew  more  about  it  than  I  did ; 
that  is,  that  the  action  of  these  moleculesr  in  carrying  electricity 
in  one  direction  only,  may  be  an  indication  of  the  nature  of  the 
action  between  molecules  in  solid  conductors,  carrying  con- 
ductors, rather  than  an  illustration  of  the  action  of  statically 
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charged  molecules.  I  think  there  is  evidence  that  the  action  of 
these .  molecules  has  very  little  to  do  with  their  static  charge. 
We  know  that  in  order  to  produce  effects  by  a  static  charge  in 
an  ordinary  vacuum  you  have  got  to  use  very  high  potentials 
and  quite  a  large  amount  of  actual  energy.  Whereas  in  these 
cases,  a  lamp  wliich  requires  a  very  low  potential  difference  will 
give  a  very  strong  molecular  effect,  and  its  passage  in  one  way 
only  is  rattier  hard  to  explain.  In  fact,  Prof.  Fleming  does  not 
explain  it.  He  says  it  is  so  because  it  is  so,  practically,  and  I  am 
sure  I  cannot  explain  it.  But  it  is  a  fact  that  the  current  is  car- 
ried in  one  direction  through  the  vacuum  just  as  it  would  be  if  it 
were  a  conductor  with  all  its  resistance  at  the  positive  contact. 
If  this  were  so,  an  inserted  wire  would  show  the  same  effects  as 
those  we  observe  in  actual  lamps.  We  have  measured  currents 
as  high  as  25  amperes  passing  through  a  space  in  which  there  is 
no  continuous  matter — that  is,  matter  in  the  continuous  condi- 
tion we  think  of  when  we  speak  of  a  solid.  When  that  current 
is  passing,  there  is  a  vacuum  there  which  is  so  high  that  it  would 
scarcely  depress  a  barometric  column.  In  fact,  I  tried  to  meas- 
ure whether  there  was  a  depression  of  a  mercury  column,  and  if 
there  is  any  it  is  very  slight  indeed.  Under  proper  conditions,  a 
vacuum  which  will  not  appreciably  depress  a  mercury  column 
will  carry  a  current  and  appear  to  have  practically  no  resistance 
except  at  the  positive  contact.  The  vacuum  will  sometimes 
change  from  an  insulator  to  an  almost  perfect  conductor  sud- 
denly, without  any  gradations  at  all.  It  will  be  a  sudden  change 
due  only  to  a  suddenly  acquired  ability  of  the  molecules  to  carry 
the  current  across  the  space  in  one  direction  only.  The  indica- 
tion of  the  unidirectional  current  from  the  alternating  current  is 
very  interesting.  It  was  a  natural  result,  and  it  was  one  which 
I  predicted  before  I  tried  it.  I  made  an  indicator  for  an  alter- 
nating circuit  in  that  way  by  using  a  lamp  with  a  third  wire 
which  had  a  high  degree  of  exhaustion  on  an  alternating  circuit, 
the  alternating  circuit  giving  the  carbon  its  temperature,  and  the 
variations  in  the  current  affected  an  ordinary  direct  current  gal- 
vanometer connected  between  the  inserted  wire  and  one  elec- 
trode, and  it  seemed  very  strange  to  see  an  undirectional  current 
taken  out  of  an  alternating  current  in  this  way. 

On  motion  of  Mr.  Kennelly  a  vote  of  thanks  was  tendered  to 
Mr.  Howell  for  his  very  interesting  paper. 

[Adjourned.] 
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[Communicated  After  Adjournment  by  Prof.  W.  M.  Stine  ] 

Prof.W.  M.  Stink  :—  Perhaps  the  most  elalK)rate  investigations 
of  the  *'  Edison  Effect"  have  been  carried  out  by  Professor  J.  A. 
Fleming.  In  a  lecture  before  the  Koyal  Institution,  in  1^90,*  lie 
developed  about  all  the  leading  facts  which  he  has. since  elab- 
orated.* His  experiments,  together  with  those  detailed  in  the 
paper  under  discussion,  reveal  a  large  number  of  facts,  interest- 
ing alike  to  the  student  of  physics  and  the  manufacturer  and 
user  of  the  incandescent  lamp. 

In  Professor  Anthony's  paper  before  the  Institute  in  1894, 
it  was  stated  that  carbon  was  removed  from  the  filament 
through  the  action  of  convection  currents.  This  was  taken 
exception  to  at  the  time,  and  the  evidence  from  experiments  on 
the  "  Edison  Effect"  clearly  disprove  this  assumption.  In  one  of 
the  lamps  employed  by  Professor  Fleming,  containing  a  sealed- 
in  aluminium  plate,  this  accidentally  vaporized,  coating  tlie  walls 
with  metallic  aluminium,  and  leaving  a  well- defined  molecular 
shadow  of  the  filament.  It  may  then  be  held  that  in  the  high 
vacuum  of  an  incandescent  lamp,  metals  or  carbon  brought  to  in- 
candescence truly  vaporize,  and  the  molecules  leave  the  surface 
and  travel  in  straight  lines,  having  a  fairly  free  molecular  path. 
Nor  can  the  driving  off  of  carbon  molecules  from  the  filament  be 
regarded  as  an  electrical  act ;  it  is  rather  due  to  evaporation  at 
high  temperature,  and  can  be  assisted  by  electrical  repulsion  [)ut 
to  a  limited  extent,  since  the  voltage  in  lamp  filaments  is  usually 
very  low.  This  is  confirmed  by  the  present  paper.  Air.  Howell 
found  the  ''Edison  Effect"  to  be  as  strong  between  the  filament 
legs  of  a  40-volt  lamj)  as  one  operated  at  140  volts,  it  being 
assumed  that  the  temperature  of  incandescence  was  the  same  in 
each  case.  In  a  curve  given  by  Professor  Fleming,  the  "  Edison 
Effect"  is  approximately  a  linear  function  of  the  volts  between 
the  lamp  terminals.  The  temperature  of  the  filaments  in  such  a 
case  is  itself  almost  a  linear  function  of  the  volts.  His  curve 
actually  bends  slightly  downwards,^  showing  the  influence  of 
increased  heat  losses  by  radiation.  Had  the  evaporation  been 
influenced  by  the  highest  voltage  to  any  appreciable  extent,  the 
curve  mw^t  imy^  hQX\t  upwanh.  Again,  were  the  discharge  of 
the  molecules  due  to  tneir  static  charges,  the  "  Edison  effect" 
would  occur  in  a  filament  of  uniform  cross-section  about  equally 
over  the  entire  surface.  Another  noteworthy  experiment  of 
Fleming  was  to  seal  similar  filaments  in  the  end  of  an  egg- 
shaped  tube.  These  were  heated  to  incandescence  by  battery 
currents.  A  single  cell  of  battery  connected  to  points  on  the 
two  filaments,  which  were  at  equal  potentials,  was  able  to  send  a 
marked  current  through  the  tube.     This  experiment  establishes 

1.  Reprinted  in  Scientific  Amtrican  Supplement,  August  23,  1890. 

2.  Phil.  Mag.,  Julv,  1896. 

3.  Phil.  Mag.,  July.  18W,  p.  57. 
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two  facts :  that  incandescent  carbon  fills  a  vacuum  tube  with  a 
carbon  atmospliere  of  high  conducting  power,  and  that  this 
vapor  conducts  an  electrical  current  mucn  as  does  a  solid  con- 
ductor. 

Perhaps  the  most  singular  phenomenon  in  this  connection  is 
the  unilateral  nature  of  electrical  discharge  from  an  incandescent 
source.  The  carbon  vapor  itself  conducts  eoually  well  in  any 
direction,  but  the  discharge  takes  place  only  from  the  negative 
side  of  the  filament.  This,  again,  is  another  proof  that  the 
"•'Edison  Effect"  is  not  a  static  one,  since  the  entire  filament 
would  be  covered  with  a  static  discharge  of  the  same  sign. 
Guthrie  long  since  showed  that  an  incandescent  conductor  would 
discharge  negative  but  not  positive  electricity.  The  action  of 
the  Crookes  tul)e  with  cold  electrodes  is,  in  the  main,  of  a  similar 
nature.  These  facts  indicate,  as  Lord  Kelvin  pointed  out  some 
years  since,  that  there  is  a  radical  difference  in  character  be- 
tween positive  and  negative  charges.  It  is  probable  that  we 
shall  yet  find  in  such  facts  as  these  the  explanation  of  the  nature 
of  electrical  conduction. 

A  very  significAnt  statement  is  made  on  page  39  of  the  pres- 
ent pa|>er,  in  connection  with  the  sudden  appearance  of  the  blue 
glow  in  the  lamp.  The  same  thing  is  frequently  seen  in  Kont- 
gen  tubes.  AVith  a  very  high  vacuum  scarcely  any  current 
passes.  If  the  tube  is  heated,  the  vacuum  is  lowered  gradually 
until  a  critical  point  is  reached.  At  this  point  a  blue  glow  sud- 
denly appears  about  the  anode,  and  the  resistance  of  the  tube 
very  materially  decreases,  with  ar.  ecjual  suddenness.  At  this 
point  the  atmosphere  seems  to  cease  carrying  the  current  by 
moving  electrical  charges,  and  becomes,  in  a  sense,  a  true  con- 
ductor. 

Another  interesting  effect  is,  the  larger  the  conductimr  plate 
sealed  into  the  bulb,  the  greater  the  flow  of  current.  The  sub- 
ject is  one  of  great  practical  importance.  It  clearly  points  out 
the  value  of  high  exhaustion  for  lamps.  That  a  lamp  containing 
an  atmosphere  of  a  heavy,  non-conducting  gas,  such  as  bromine, 
exhibits  these  effects  but  feebly,  is  also  significant.  High  effi- 
ciency lamps,  even  with  excellent  vacuum,  ought  not  to  be 
pushed  to  a  high  filament  temperature,  or  they  become  to  a  cer- 
tain extent  short-circuited.  This  indicates  an  unfortunate  limit 
t^)  the  increase  of  the  efficiency  of  carbon  filaments.  It  is  prob- 
able that  though  the  "Edison  Effect"  may  be  decreased,  it  can 
never  be  wholly  avoided,  since  a  carbon  burned  in  the  air  will 
exhibit  the  effect  while  it  lasts.  Lamps  containing  heavy  non- 
conducting gases  in  their  bulbs,  as  Professor  Anthony  has  shown, 
do  not  blacken  to  any  extent.  The  present  paper  shows  how 
small  the  "Edison  Effect"  is  in  th«m. 


64  OBirUART. 
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Ezra  Carl  Breithaupt  (Associate  Member  June  6th,  1893; 
Member,  May  19th,  1 896),  fourth  son  of  the  late  Louis  Breithaupt, 
was  bom  in  Berlin,  Ontario,  on  February  19th,  1866,  and  there 
he  received  his  early  education.  He  attended  the  Northwestern 
College,  at  Naperville,  111.,  and  graduated  from  it  in  1887.  He 
travelled  for  some  time,  and  then  went  to  Johns  Hopkins  Uni- 
versity, at  Baltimore,  to  take  the  course  in  electricity.  In  1892 
he  graduated  from  Johns  Hopkins  with  the  degree  of  "Electrical 
Engineer,"  and,  on  returning  to  Berlin,  he  became  the  Manager 
of  the  Berlin  Gas  and  Electric  Company,  which  position  he  held 
up  to  the  time  of  his  death. 

As  consulting  and  electrical  engineer,  he  had  a  general  prac 
tice  in  Ontario  and  Quebec,  and  as  such  he  acted  for  the  town  of 
Bracebridge  on  the  installation  of  a  large  lighting  plant.  He 
laid  out  and  superintended  the  work  of  electrically  equipping 
the  Berlin  and  Waterloo  Street  Railway,  and  later  became  its 
president  and  manager.  He  also  acted  as  consulting  engineer 
for  the  town  of  Sherbrooke,  Quebec,  for  the  Penetanguishene 
and  Midland  Electrical  Kailway  Company,  and  for  various  other 
enterprises. 

He  was  a  member  of  the  Canadian  Electrical  Association  since 
its  inception,  and  was  a  most  active  and  valuable  member  of  its 
executive  and  statistics  committees,  of  which  latter  he  was  chair- 
man. In  June  last  he  was  elected  to  the  office  of  second  vice- 
president  of  the  association.  During  his  connection  with  the 
association  he  prepared  and  presented  to  it  several  valuable 
papers,  and  he  also  contributed  papers  to  various  electrical  publi- 
cations, principally  dealing  with  Canadian  developments  in  elec- 
trical engineering. 

He  was  a  member  of  the  Berlin  Board  of  Trade  and  of  the 
Toronto  Board  of  Trade,  and  at  one  time  was  president  of  the 
former. 

Mr.  Breithaupt's  death,  on  January  27th,  1897,  resulting  from 
injuries  received  at  an  explosion  of  an  oil  tank  at  the  Berlin  gas 
works,  is  particularly  sad,  as  it  came  at  what  was  only  the  begin- 
ning of  a  career  of  great  promise.  He  leaves  a  large  circle  of 
relatives  and  friends  to  whom  his  affabilitv,  his  manliness  and 
his  conscientiousness  had  endeared  him. 
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New  York,  March  24,  1897. 

The  114th  meeting  of  the  Institute  was  held  this  date  at  12 
West  3l8t  Street,  and  was  called  to  order  by  President  Duncan 
at  8.30  p.  M. 

President  Duncan: — The  Secretary  will  announce  the  ticket 
nominated  by  the  Council  at  the  meeting  this  afternoon. 

The  Secretary  : — From  the  nomination  returns  received  from 
the  membership,  the  Council  has  selected  the  following  names 
which  will  be  printed  on  the  ballots  for  the  guidance  of  members 
in  their  choice  of  candidates. 

For  Pres^ident : 

Francis  B.  Crocker,  of  New  York  City. 

For  Vice-Presidents : 

A.  E.  Kennelly,  of  Philadelphia,  Pa. 
Chas.  S.  Bradley,  of  New  York  City. 
DuGALD  C.  Jackson,  of  Madison,  Wis. 

For  Managers : 

Alexander  Macfarlane,  of  South  Bethlehem,  Pa. 
Ctano  S.  Dunn,  of  New  York  City. 
W.  F.  C.  Hasson,  of  San  Francisco. 
Herbert  Laws  Webb,  of  New  York  City. 

For  Treasurer: 

George  A.  Hamilton,  of  New  York  City. 

For  Secretary : 

Ealph  W.  Pope,  of  New  York  City. 

The  Council  has  decided  to  hold  the  General  Meeting  of  the 
iNSTrruTE  at  Greenacre-on-the-Piscataqua,  Eliot,  Maine,  begin- 
ning on  July  26th.  This  place  was  the  residence  of  the  Tate 
Moses  G.  Farmer,  who  was  one  of  the  charter  members  of  the 
Institute  and  made  an  Honorary  Member  October  21st,  1890. 
He  died  at  Chicago,  May  25th,  1893,  having  been  actively  en- 
^ged  in  the  preparation  of  his  personal  exhibit  for  the  World's 
Fair.     The  date  selected  will  be  the  50th  anniversary  of  Prof. 
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Farmer's  relinquishment  of  teaching  and  the  taking  up  of  elec- 
trical work.  Grreenacre  is  l>eautifully  situated  on  the  east  bank 
of  the  l^iscataqua  Kiver,  about  ten  miles  beyond  Portsmouth, 
N.  H.,  and  is  reached  in  two  hours  from  Boston. 

The  Annual  Meeting  for  the  election  of  officers,  presentation 
of  yearly  reports,  etc.,  will  be  held  at  12  West  31st  Street,  as 
provided  by  the  Constitution,  on  Tuesday,  May  18th,  which  is 
the  third  Tuesday  in  the  month. 

The  following  Associate  Members  were  elected  at  the  meeting 
of  the  Executive  ("ommittee  in  the  afternoon  : 

Name.  Address.  End<trsrd  by. 

Bechtbl,  Ernkst  J.       Superintendent,  Power  Plant,  E.  S.  Reid. 

Toledo  Traction  Co  ,  W.  E.  Harrington. 

ToIe<lo,  0.     R.  W.  Pope. 

Ford,  Arthur  IIiLLYER,   Fellow  in  Electrical  Engineering:,    J.  E.  Davics. 

University  of  Wisconsin,  Madison,     I).  C.  Jackson. 
Wis.         '  S.  B.  Fortenbaugh. 

IIoLBROw,  Herman  L.    With    Xcw    York    Telephone    Co.,     S.B.Austin. 

New  York  Citv,  residence  Rather-    H.  F.  Thurber. 
ford,  N.  J.      '  W.  M.  Petty. 

Kelly,  William  P.        Student    in    Expert    Course,    Fort  F.  S,  Hunting. 

Wayne  Electric  CoriK>ration,  Fort  E.  A.  Barnes. 

Wayne,  Ind.  A.  L.  Hiwiley. 
Total  4. 

The  President: — The  paper  to  be  read  this  evening  is  on 
"  The  Influence  of  Heat  Treatment  Upon  the  Magnetic  Prop- 
erties of  Steel  and  Iron,"  by  Dr.  K.  E.  Guthe.  The  paper  will 
be  presented  by  Professor  Carhart,  whom  we  all  know. 

Professor  Carhart  tlien  read  the  following  paper: 


A  /a/tr  presented  at  the  ti4tk  meeting  of  the 
Am€rica,n  Institute  of  Electrical  Engineers^ 
New  York,  March  24th,  lAf?,  President 
Duncan  in  the  Chair. 


THE    INFLUENCE    OF    HEAT    TREATMENT    UPON 

THE    MAGNETIC    PROPERTIES    OF 

STEEL  AND  IRON. 


BY    I)K.    K.    K.    UUTHK. 

Steel  and  iron,  when  heated  to  higli  t43niperatiires,  show  a  de- 
cided change  in  their  magnetic  properties.  The  earlier  investi- 
gations' have  shown,  that  in  general  the  temporary  induction  in 
iron  and  steel  rods  increases  with  increase  of  temperature.  G. 
Wiedemann^  found  that  verv  hard  steel  rods  show  at  100°  a 
larger  temporary  magnetic  moment  than  at  0°,  soft  rods  a  larger 
magnetic  moment  at  0°  than  at  100°  for  the  same  niagnetizing 
force,  after  they  liad  been  repeatedly  heated  and  cooled.  Row- 
land^ showed  that  a  rise  of  temperature  causes  an  increase  of 
induction,  if  the  magnetizing  force  is  small,  but  a  diminution 
of  induction  if  the  magnetizing  force  is  large.  The  same  was 
observed  by  J.  Ilopkinson/  who  undertook  a  great  numlnjr  of 
experiments  in  this  line,  especially  in  order  to  show  the  relation 
between  the  critical  temperature,  at  which  iron  ceases  to  be  mag- 
netic, and  the  recalescence,  first  discovered  by  Harrett.  Accord- 
ing to  the  former,  recalescence  occurs  at  the  critical  temperature. 
Osmond,  who  distinguishes  three  ])oint>i  of  recalescence  for  soft 
steel,  places  the  critical  temperature  at  the  second  ])oint  of  re- 
calescence. Tomlinson's^  and  Kunz's"  experiments  show  also  the 
change  in  magnetic  properties  due  to  a  rise  of  tempemture. 

1.  Wiedemann's  '*  Electricitirt/'  2(1  ed.,  III.,  p.  848-860. 

2.  G.  Wiedemann.     P&gg.  Ann.  122,  346,  1864. 

3.  Rowland.     PhU.  Mag,  (4),  48.  321.  1874. 

4.  Hopkinson,  Phil.  Traru,,  180  A,  442, 1889.     Proc.  Roy.  &)r.,  48.  442. 1890. 

5.  Toralinson.     Phil.  Mag.  (5),  25,  372,  1888. 

6.  Program  Gymnasium  zu  Darmstadt,  1893. 
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After  steel  has  been  heated  beyond  recalescence  and  is  sud- 
denly quenched  in  cold  water,  the  mechanical  hardening  is 
accompanied  by  a  corresponding  magnetic  hardening,  L  ^.,  the 
permeability  decreases  and  the  hysteresis  loss  increases  greatly. 
This  influence  of  hardening  is  well  known,  and  was  first  thor- 
oughly investigated  by  Ewing.^  Very  little  is  known  about  the  in- 
fluence of  heat  treatment  on  such  hardened  steel,  fiarus  and  Strou- 
hal,'  in  an  exhaustive  paper,  show  the  influence  of  tempering  on 
the  retentivity  of  steel  magnets,  and  are  the  originators  of  the 
well-known  method  of  seasoning  magnets  by  subjecting  them  for 
several  hours  to  a  temperature  of  100°,  which  method  has  re- 
cently been  used  very  successfully  by  B.  O.  Pierce.  Their 
results,  as  far  as  they  have  a  bearing  on  the  present  research,  are, 
(1)  that  the  magnetic  moment  of  a  hardened  steel  magnet  is 
smaller  after  reheating  to  about  100°  than  it  was  before,  and  that 
on  heating  to  still  higher  temperatures  it  increases  again ;  (2)  that 
the  length  of  time  during  which  the  bars  have  been  at  the  high 
temperature  is  of  some  influence,  especially  for  the  lower  tem- 
peratures. The  present  work  was  undertaken  with  a  view  of 
following  the  annealing  process  step  by  step,  and  obtaining  the 
relations  between  the  magnetizing  force,  maximum  induction, 
remanence  and  coercive  force  for  each  of  these  steps.  The 
results  are  also  interesting  from  a  theoretical  point  of  view,  since 
they  show  a  decided  diflEerence  in  the  rate  of  change  of  the  mag- 
netic properties  for  the  different  temperatures. 

Description  of  the  Method, — The  rings  were  all  of  the  same 
form,  L  ^ ,  hoops  with  an  average  diameter  of  12.6  cm.  and  a 
thickness  of  only  8  mm.  The  diameters  were  measured  by 
vernier  calipers  and  the  cross-section  was  found  by  dividing  the 
volume,  which  was  determined  by  the  loss  of  weight  in  water,  by 
the  average  circumference.  New  measurements  were  taken 
every  time  after  the  rings  had  been  subjected  to  a  temperature 
higher  than  600°.  They  were  wound  with  bicycle  tape,  and  on 
this  the  primary  coil.  Before  each  experiment  the  insulation 
was  carefully  tested.  Rowland's  ballistic  method  was  employed. 
Instead  of  the  usual  way  of  finding  the  constant  of  the  galvan- 
ometer by  means  of  an  earth-coil,  I  charged  and  discharged  a 
standard  condenser  through  the  galvanometer  (see  Carhart  and 

1.  Ewing.     Phil.  Trans.,  5ilf  1885,  or  Ewiiig,  "Magnetic  Induction,"  etc., 
p.  82. 

2.  ''U.  S.  Geological  Survey,"  No.  14,  1885. 
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Patterson's  ^'Electrical  Measurements").     The  equations  used 
will  then  be 

d^CEr  100 
di  fhi      A 
where 
(B  =  the  increase  in  induction, 
di  =  the  deflection  due  to  the  change  of  the  magnetic  flux 

through  one  square  centimetre  of  the  ring, 
C  =  the  capacity  of  the  standard  condenser  expressed  in  mi- 
crofarads (=  .2  microf.), 
F  =  the  E.  M,  F.  of  the  Carhart-Clark  cell  in  volte, 
r  =  the  total  resistance  of  the  secondary  circuit, 
r/j  =  the  deflection  obtained  by  the  discharge  of  the  condenser^ 
n^  =  the  number  of  secondary  turns  around  the  ring,  which 

was  equal  to  30  in  every  case, 
A  =  the  cross-section  of  the  ring, 

and 

OC  =  ^-^^  I 

10  z 
where 

3C  =  the  magnetizing  force, 

/ij  =  the  number  of  primary  turns  on  the  ring, 

/   =  the  magnetizing  current  expressed  in  amperes, 

L  =  the  average  circumference. 

The  deflection  due  to  the  discharge  of  the  condenser  was  taken 
on  open  circuit.  This  produces  an  error  in  the  constant.  An 
independent  experiment  showed  that  the  value  obtained  is  1.50 
per  cent,  too  large.  In  order  to  obtain  the  absolute  values  for  (R 
in  the  following  tables,  the  data  should  be  multiplied  by  .985. 
In  order  to  eliminate  the  error  due  to  the  creeping  up  of  the 
induction,  the  steps  taken  were  as  nearly  ad  possible  the  same  for 
the  same  ring  at  different  stages  of  the  treatment.  I  believe  the 
total  errors  of  observation  to  lie  within  .5  per  cent.  The  experi- 
ments at  each  step  for  each  ring  consisted  in  the  determination 
of  the  hysteresis  curves  for  a  number  (8-10)  of  different  mag- 
netizing forces,  the  largest  in  every  case  being  between  60  and  65. 
In  the  final  results  I  give  the  hysteresis  curves  for  the  largest 
values  of  JC  only.  The  magnetizing  curves  were  taken,  but  they 
are  not  given  under  the  following  results,  since,  as  Hopkinson 
has  shown,  this  curve  for  virgin  steel  differs  appreciably  from 
one  taken  with  a  ring  previously  magnetized.     It  was  thought 
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to  be  of  more  importance  to  represent  the  curves  for  (Buj  and  <S>r 
as  functions  of  the  maximum  magnetizing  force.  (See  Fig.  4.). 
Moreover,  it  was  possible  to  show  the  influence  of  the  reheating 
upon  Houston  and  Kennelly's  law,^  i.  e.^  that  for  small  magnet- 
izing forces  the  remanence  ((B^)  is  a  linear  function  of  the  max- 
imum induction  (0^^).  These  two  values,  (S>ak  *od  (B„  are  plotted 
on  Fig.  5,  and  these  curves  are  of  great  interest,  showing  the 
range  through  which  this  law  holds  good  in  the  different  stages 
of  the  heating  process,  and  what  variations  in  the  constants  are 
produced  by  the  tempering. 

Chemical  Analysis, — the  chemical  analysis  of  the  rings  gave 
the  following  results : 

Ring  I.  Ring  II.  Ring  III.         Ring  IV. 

Crescent  Bnsic  Very  Soft  Swedish 

Steel.  Steel.  Steel.  Iron. 

Carbon 868^  .305K  .0755?  .  UA% 

Silicon 234  .025  .0155  .0624 

Sulphur trace  .059  .0645  .015 

Phosphorus 0172  .146  .124  .018 

Manganese 27  .78  .36  trace 

For  the  chemical  analysis  and  the  heat  treatment  of  the  rings, 
I  am  greatly  indebted  to  Prof.  E.  D.  Camj)bell,  director  of  the 
metallurgical  laboratory,  and  his  assistant,  Mr.  A.  R.  Miller.  I 
gladly  express  my  deep  obligatjons  to  them,  especially  to  Profes- 
sor Campbell,  who  devised  and  superintended  every  particular  of 
the  complete  heat  treatment. 

The  rings  were  first  heated  in  the  original  state  and  then  sub- 
jected to  the  heat  treatment.  The  different  steps  taken  are  the 
following : 

A.  Rings  in  the  original  state. 

B.  Heated  to  about  670°  and  quenched. 

C.  Heated  to  a  little  over  900°  and  quenched. 

The  hardened  rings  were  then   tempered  by  reheating  to  the 

temperatures  indicated  below,  and  then  allowed  to  cool  slowly. 

D,  100°  for  one  hour;  e  and  f,  100°  for  24  hours;  (;,   200°;  h, 

800^ ;   I,  450° ;  k,  800° ;   l  (only  for  Rings  ii.   and   in.),  about 

1)50°. 

Rksults. 

In  the  following  tables /<  J  designates  the  number  of  primary  turns, 
<?  the  deflection  of  the  galvanometer,  obtained  by  the  discharge 
of  a  capacity  equal  to  .2  microfarad  charged  by  a  Carhart-CIark 
standard  cell,  d  the  deflection  of  the  galvanometer  due  to  the 
clmnge  of  the  lines  of  magnetic  force  in  the  ring,  (ft  the  calculated 

1.  EleoiHfiol  World,  25.  681,  1895. 
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yalue  of  the  induction,  /the  current  in  the  primary  measured  in 
amperes,  JC  the  value  of  the  magnetizing  force. 

It  will  be  noticed  that  I  give  only  the  values  of  (B  and  3C  for 
one  side  of  the  hysteresis  curves.  Since  the  same  steps  were 
taken  on  the  ascending  and  descending  branch  of  the  loop,  the 
values  were  generally  identical,  and  are  therefore  not  recorded  in 
the  following  tables,  though  the  whole  cycle  was  taken  in  the 
actual  experiments : 


A.     Before  Heatincj. 


TABLE  I. 


TABLE  n. 


King  II  ;  «|  =  293;  const.  =  r4i.s;  (&  =  m.a 
X  </;  JC  =  9-39  ^ 


Ring  I : 

«i  =s  398:  const.  =  141.5 
X  ^;  JC  -  9.45  /. 

;  (ft=  18.7 

</ 

(B      I        / 

JC 

+7966 

0 

0           1 

48 

7096 

.270 

9.55 

«4 

6807 

•350 

3-3» 

47 

59»8 

.538 

5.09 

64 

473» 

.705 

6.67 

184 

1290 

.940 

8.89 

>97 

—9394 

I. a  10 

n.44 

'IS 

5984 

I  7 

16.07 

7630 

3. 09 

19.76 

87 

9957 

2.66 

9515 

107 

11957 

3-86 

3650 

63 

X9436 

49 

46.33 

75 

13838 

65 

6146 

^7 

13959 

4X 

38.76 

69 

11669 

3.1 

19.86 
8  13 

80 

10033 

.86 

no 

7966 

0 

0 

C6 


119 
363 

»37 
101 

79 
73 
57 
66 

68 

4« 
38 
39 

19 
45 

85 
89 

139 


+8303 
5816 

o 

—3041 
5984 

7037 
8658 

9993 
11389 

13898 

13808 

M430 
>5074 

14653 

13653 
11766 

1II9S 

8358 


/ 

0 

.16 

.985 

.39a 

.538 

•705 

•94 

1.31 

1.70 

3  70 

3.90 

490 

6.65 

4.80 

3.35 

•70 

.49 

0 

JC 


o 

>.5 
••7 
3-7 

U 

8.8 

16.0 

•5« 

36.. 

45-9 
69.4 

45.0 

9C.I 

6.6 
46 
o 


TABLE  III 


TABLE  IV. 


King  III 

:  M^  =  304;  const.  =  141  5 
JC  =  9.63  X  /. 

1 

King  IV; 

Ml    =   291:  C 

JC  = 

=  141.5;  tB- 

993  X  /. 

16.5  X*'; 

d 

(ft 

/ 

'       JC 

// 

-+-6600 

/          1 

JC 

II, 

+0568 
8053 

0 

0                  - 

0 

0 

93 

.16 

'•54 

1       «55 

4CH9 

.08 

•7 

als 

5549 

•98s 

9-74 

,         3^2 

—1370 

.165 

«-5 

848               .36 

3-47 

335 

4983 

.398 

2-75 

107 

—  880 

•3-^4 

3-79 

»85 

8036 

.410      ! 

3.8 

toa 

4«73 

43 

462 

55 

8943 

.558 

59 

>34 

6357 

.58 

5.59 

54 

9834 

•73«       , 

15 

"5 

«3« 

•7»3 

687 

40 

10643 

•973       ' 
1.348 

105 

9943 

•93 

8.96 

35 

I1330 

11.5 

75 

11166 

1.19 

11.46 

39 

11864 

t^78         1 

16.4 

77 

13431 
13637 

1.6 

15.41 

40 

12594 

2.78 

»5.7 

74 

3.6 

35.04 

97 

13969 

398      ; 

60.9 

91 

13969 

3-9 

30.83 

1         ♦^ 

13695 

6.60 

49 

14768 

4.75 

45-74 

1 

3« 

15989 

6.7 

64.59 

34 

«3>34 

4.0        1 

369 

38 

13507 

3.11 

19.5 

40 

14631 

3.75 

36.11 

60 

11517 

•9       1 

8.3 

4t 

>3953 

9.00 

19.26 

59 

I0544 

•5 

4.6 

49 

«3«54 

1.1 

10.59 

20 

10914 

4 

3-7 

»7 

"2M 

.80 

7.70 

919 

6600 

0 

0 

5a 

11866 

•45 

433 

1 

»4« 

9568 

0 

0 

1 
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B.     Heated  to  fi75°  and  Quenched. 


TABLE  V. 


TABLE  VL 


Ring  I; 

M,  =  298;  C 

=  135.5;  (B  = 

946  X  /. 

=  X9  5  X  rf;  1 

Ring  II 

:  «,  =  =  393;  r  =  135.5 
OC  =  9  39  X  /. 

;  (B=  23^; 

d 

+7»83 

^\ 
6718 

I 

d 

(B 

/ 

OC 

ao. 

0 
•3 

1 
0 

2.84 

.^•5 

+6925 
584a 

0 

0 

i.a 

9- 

•4 

3-78 

164. 

202I 

a.6 

X3.5 

6474 

.58 

5.2 

las. 

-89a 

.40 

3-7 

«7.5 

6133 

.7a 

6.81 

94. 

308a      .55 

5-2 

29 

5567 

z.oo 

9-5 

79. 

4923 

.70 

6.6 

X05.5 

3510 

1.4a 

X3  4 

74. 

SS*' 

•95 

8.9 

toi. 

—  410 

a.i5 

ao.j 

94- 

8837 

X.42 

X3-3 

laS. 

9886 

2.7a 

37.8 

78. 

10654 

a. 10 

19.7 

906. 

6903 

4.0 

45-5 

11714 

a68 

252 

laS- 

934* 

5.10 

48.9      ; 

67. 

13275 

3.90 

36.6 

116. 

X1603 

7.10 

67.2   ; 

42.S 

14265 

5.00 

47.0 

1 

48. 

»5383 

7.08 

66.5 

51- 

10608 

4x5 

39.3     ! 
ao.6    [ 

58. 

9477 

a.x8 

52. 

M«7« 

4.10 

38.5 

39. 

8717 

z.at 

it.4     1 

77- 

12377 

"is 

ao.3 

36.5 

8005 

.58 

5.49 

93- 

102 10 

.85 

8.0 

37. 

7283 

0 

0 

49- 

9068 

•45 

4.2 

1 

54. 

7810 

.18 

x-7 

! 

38. 

6925 

0 

0 

TABLE  VIL 


TABLE  VIII. 


Ring  IV;  n^  =  291;  c  =  135.5;  (B=x7.2 
3C  =  9-24  X  /. 


Ring  III    «i  =  vm;^  =  135.5,  (B=  17.0  x**'; 
OC  =  9  58  X  /. 


76 
104 

847 
155 

127 

SI 

1^ 
it 

SO 
57 

65 
loa 
ia8 

67 
40 
33 
57 


(B 

/ 

+6956 

0 

5660 

•X3 

3887 

.ao 

—  324 

.38 

3966 

.40 

513X 

.52  . 

6751 

.70 

8x15 

•95 

9769 

iiaiS 

X.40 
3.05 

laiai 

9.60 

X3502 

3-75 

t437X 

4-75 

«5343 

6.50 

X4936 

3.90 

13497 

a.o8 

X031S 

.85 

9«73 
849X 

•45 

.30 

78a8 

.18 

6956 

0 

oc 


I.a 

1.9 
2.7 

3.8 
5.0 

6.7 
9.x 

«34 

19  6 

249 
35^9 

45.5 
62.3 

37-4 
199 

8,14 

4-3 

2.9 

«.7 

o 


y.d\ 


108 

X94 

X34 

90 

57 
57 
86 

83 
50 
65.5 

34 
37 

49 
97 

87,5 

x'4 

X07 


cB 


-f-46xo 
2752 

—  585 
2890 

4438 

5797 
6967 

7947 

8927 
X0406 

XX834 
X2694 
13821 
14406 
1504a 

14198 
13530 

S916 
41X 
6450 
4610 


o 
.07 

.X5 
.ao 

.30 
.40 
•55 
•72 
1.00 

a.i8 

a.75 

4.00 
5.  to 
7.05 

4.2 

3.3 
.90 
.48 

.x8 
o 


ac 


o 

.65 

1.39 
1.85 

2-77 
370 
5.08 
6.65 
924 

«3.4 

act 

«5.4 
37.0 

47. » 
66.x 

38.8 
20.3 
••32 

o 
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TABLE  IX. 


Ring  I. 

RiKG   II 

• 

(Bm 

(»r 

X 

(B,n 

(Rr 

5C 

ji6o3 

7383 

67.9 

"5383 

S^l 

^A 

8444 

5343 

35« 

10858 

36.6 

#93* 

3136 

94.1 

6454 

19.5 

3783 
1833 

527 

3165 

19.0 

9304 

595 1 

3.6 

'i2 

6-3 

7386 
9318 

5103 
1536 

5^ 

93 1 

'7 

4938 
3619 

3530 

5« 

9540 

3-7 

Ring  III. 


(B 


m 


15343 
«367i 
11376 

8336 
5950 
4705 
3401 
1884 


(Br 


6956 

69*3 
6683 

5813 

4364 
34«7 
9413 
X091 


X 


69.3 

19.6 

9.x 
S.o 
38 

a-7 
X.9 


Ring  IV. 


(B 


m 


15043 

M035 
10630 

9«33 
8373 
6347 
3870 

>5»4 


«r 


46X0 
48X6 

4747 
459a 
4489 
4983 
3563 
3x0 


oc 


66.1 
3$.« 
«3-7 
9«4 

6.93 
3.70 

.4^ 


C.     Heated  to  900°  and  Quenched. 
TABLE  X.  TABLE  XL 


Ring  1  ; 

«i  =  305;  ^  =  ««5;  (B= 
3C  =  9.68  X  /. 

:  33.9  X  d\ 

Ring  II 

;  Ml  =993;  c=  X16;  CB= 
X  =  9-«9  X  /. 

=  37.4  X  d\ 

d 

(B 

/ 
0 

oc 

d 

(B 

/ 
0 

X 
0 

^^ 

+3786 

0 

-1-8876 

19. 

335« 

.66 

6.39 

•7 

8135 

.38 

3-49 

6.5 

3303 

.87 

8.42 

»3 

7778 

.50 

4.59 

MS 

3870 

«.3 

19.6 

90 

7399 

.65 

8.37 

33- 

a344 
1841 

»-9 

«8.4 

44 

6093 

•^ 

93. 

9.3a 

33.5 

171 

X309 

X.38 

X9.68 

66. 

33 » 

3.30 

31.9 

169 

—3336 
6080 

3. 00 

18.38 

93. 

— X797 

4.«5 

40.3 

100 

a.55 

33.43 

47. 

2873 

4-5a 

438 

'^3 

10004 

3.70 

34-00 

87. 

4863 

5.50 

'61:8 

62 

XI  70s 

4.75 

4365 

8x. 

671s 

6.90 

57 

X3969 

6.70 

6x.6 

43> 

573» 

4.00 

38.7 

36 

X938X 

390 

35.8 

36. 

4907 

3.08 

90.I 

54 

XO799 

1.60 

147 

3a. 

4175 

.65 

6.39 

3« 

9048 
8878 

.75 

6.89 

«7. 

3786 

0 

0 

39 

0 

0 

tab: 

LE  XIL 

TABL 

E  XIIL 

Ring  111 

;  Mj   =  300;  C  =  1x5;  (B 

=  30.3  X  d\ 

Ring  IV 

:  «i  =  375;  c  sx  xaa;  (B- 

=  »9  3  X  d\ 

X  =  9.53  X  /. 

X  =  8.73  X  /. 

1 
d        1 

(B 

-f8993 

/ 

X 

d 

(B 
+4639 

/ 

X 

II 

0 

0 

^^^^ 

1 
0.             i 

0. 

83 

8536 

.13 

X.I4 

i* 

3808 

.073       1 

•63 

39 

^ 

•as 

3.33 

X69 

—  319 

.X35          1 

1.09 

43 

.38 

3.63 

199 

3673 

•«95 

X.70 

X93 

4384 

•50 

4.76 

83 

4575 

.968 

a.34 

910 

X3I 

.65 

6.3 

7> 

5645 

.368 

3ai 

iM 

—3949 

.90 

8.58 

59 

6784 

•495 

4.3a 

X99 

7X46 

x.38 

X3.I5 

5« 

7768 
877* 

.660 

5.76 

1 

9886 

3.00 

X9.06 

5a 

.865 

7-55 

II387 

9.53 

94.09 

75 

X0319 

1.38 

XX.3 

89 

13093 
I4189 

3.60 

34.59 

68 

11531 
X3384 

X.83 

«5-9 

54 

465 

44-3« 

39 

3.35 

X9.6 

66 

»55a9 

6.40 

6x.oo 

54 

13336 

3.60 

3«-4 

3a 

«3944 

6.30 

40.1 

58 

M35a 

X998X 

3.80 

36.31 

35 

X4619 

550 

•OS 

x.6o 

X5.95 

66 

IO94I 

•75 

"^V 

44 

«3770 

3.88 

33.9 
X38 

n 

xe95x 

.40 

3.81 

I30 

"454 

158 

899* 

0 

0 

XO4 

9447 
8173 

.75 

6-55 

66 

.4* 

3.67 

X05 

6147 

.193 

X.07 

79 

463a 

0. 

0. 
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TABLE  XIV. 


King  l" 

CB« 

<^r 

6715 

3786 

5»93 
S580 

2700 

«453 

1Q93 

480 

937 

114 

389 

23 

207 

3 

RlNO  11. 

R|^CIII 

. 

Ring  IV 

3C 

oc 

(».n 

cB, 

oc 

!   (Bm 

*r 

3C 

14639 

&, 

66.8 

13268 

8«75 

61.6 

1   «5529 

J2^3 

61.0 

4632 

55 -o 

53-2 

117^1 

8219 

43-7 

14180 

8821 

443 

>35"> 

4825 

32  0 

44.3 

10291 

768^ 
6216 

7300 

33-8 

'3»34 
11784 

8648 

34.6 

11696 

4786 

>7.5 

31.9 

5434 

23.0 
i8.a 

8»i3 

24.0 

8850 

4584 

7-94 

184 

4212 

J  0343 

7460 

19.x 

'K 

4053 

3M6 

4.53 

8.6 

3818 

2401  1 

12.1 

1     8292 

6i6t 

I3.X5 

9.36 

5.0 

1825 

919 

8.C9 

1     6029 

4486 

8.58 

2470 

1602 

X.07 

933 

306 

5.97 

4273 

2974 

6.2 

1038 

M« 

.63 

370 

69 

3.49 

2690 

1238 

650 

1       264 

1695 

648 

203 

4« 

4.76 
38 
2.32 
1.72 

D.     Temperature  for  One  Hour  at  100°. 
TABLE  XV.  TABLE  XVI. 


King  I ; 

«,  -=  105;  r  =  147  ;  (B  = 

X7-9  X  d\ 

RiNtill; 

/»,  =  292;  c 

=  119;  CB= 

26  75  X  d\ 

,1C  = 

9  68  X  /. 

3C  =  9  X9  X  /. 

d 

eft 

+37x4 

/ 
0 

0 

i 

(B 

/ 

OC 

+87x9 

0 

0 

42 

2952 

.985 

9  53 

45          j 

75x5 

.53X 

4.88 

27 

2469 

X.5 

X4  5 

23         ' 

6900 

•7'^3 

646 

52 

1538 

2.3 

22.3 

5« 

5S09 

938 

8.6a 

65 

374 

3.06 

29  6 

180         1 

694 

I  4«4 

13.00 

86 

--1165 

3-70 

358 

171 

-3880 

2.09 

19.20 

MX 

3689 

4.66 

45.x 

9«9 

6528 

2.66 

24  44 

160 

6543 

6.5 

6a  9 

Xi5 

10139 

3-93 

36.12 

58 

1160J 

5.07 

46.59 

X4 

6292 

5.66 

54.8 

57 

13215 

7.2 

66.17 

86 

4753 

1.9 

18.4 

25 

4306 

1.00 

9-7 

3! 

12197 

4.X5 

38.X4 

»5 

4037 

51 

49 

56 

10699 

1.65 

15.16 

18 

37x5 

0 

0 

26 

10003 

9468 

.832 

7.65 

20         i 

.488 

4.48 

28 

1 

8719 

0 

0 

TABLE  XVn. 


TABLE  XVlIL 


Ring  ill;  «i  =300 

;  c  119;  (B  = 

19.6  X  d\ 

Knu.  IV 

:  »i  =  275: 

C  =  136;  (B: 

=  X7-3  X  d\ 

,11:   = 

9  53  X  /. 

"/ 

0 

1        d         1 

1 

OC  =  8.73  X  /. 
eft             / 
+4921         0 

d 

^ 

OC 

M. 

1 
4-8507                   0 

1 
1 

0 

t>7 

7174                      .278 
6253                      .388 

2  65 

1      X25.5 

^750          .08 

.70 

47 

3  70 

152. 

13 >                         .129 

1.13 

X47 

3372         i             .534 

509 

144. 

2371                         .200 

X.75 

X95 

—    450                      .707 

6.74 

1       97. 

4049 

•'ZZ 

a.4a 

X55 

3488                      .940 

896 

,       86.5 

5545 

.388 

3-39 

X83 

7075                    1.412 

1346 

'        7X. 

6773       1           .532 

4.64 

127 

9564                   2.08 

19.82 

60. 

78x1 

.70s 

6.15 

^5 

10838 

2.63 

25  05 

60. 

8849 

.938 

8.19 

87 

X2543                   3.83 

36  5' 

87. 

X0354 

1. 410 

12,31 

52 

X3562     ;      4.9-' 

46.89 

80. 

11738                2.10 

X8.33 

66 

14856     1      6.9 

65  75 

46. 

X2534 

2.6s 

23x3 

63. 

13624 

3.88 

3387 

59 

13701 

4.08 

3888 

34. 

14212 

500 

34.65 

102 

11702           1.66 

15.50 

38. 

14869               7.01 

61.30 

51 

10702             .935 

8.92 

43 

9859 

492 

4.69 

48. 

14038               4.11 

35  9 

f^^ 

8307           0 

0 

129. 
148. 

ii8d6              1.67 

14.6 

1 

9246                .623 

5.44 

139. 

6841                .174 

1.52 

111. 

4921 

0 

0 
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TABLE  XIX. 


Ring  I. 

Ring  11. 

Ring  III. 

Ring  IV. 

CBm 

(Br 

3C 

(Bm 

(B, 

OC 

CB„ 

(Br 

JC 

(B„ 

<B, 

JC 

6543 

3li3 
3543 

1898 

1235 

734 
393 

«34 

37*4 

1718 

7«8 

403 

179 

73 

M 
9 

63.9 
45« 

35.9 
39.3 

23.3 

We 

305 

«32«5 

1*690 

10339 

7944 

254 

8731 
8078 
7303 
5644 
4440 
3675 
923 

«34 
«7 

66.3 
46.J 
35.8 
•4.4 
19.3 
13.96 
8|8 
4.87 
2.55 

14857 

12573 

9918 

4253 
2675 

617 

8487 
8333 

7*74 
5939 
4371 
3077 
«754 
568 
186 

6S.7 

198 

13.34 
8.93 
7.00 

365 
3.65 

14868 
r3568 
1039a 

7923 
595< 
3720 
3405 
1363 

4931 
4904 

4794 

4429 
3703 

2457 

'557 

7*7 

6i.a 
•3.3 

"35 

6.X7 

3.40 

»-75 

1.05 

.73 

G.     Temperaturk  at  200**. 


TABLE  XX. 


TABLE  XXI. 


Ring  I ;  «,  =  293 ;  r  =  114  ;  (B=  33.1  X  d\ 
OC  =  9  27  X  /. 

Ring  I. 

d 

>7S 
5 

9 
20 

33 

36 
136 
146 
139 

44 

49-5 

26 

18 

(B 

/ 

,TC 

(B™ 

(Br 

JC 

+4662 
4258 
4143 
3935 

3473 
3711 

i88n 

—1258 

4627 

7834 

6820 
5690 
5078 
4663 

0 

.515 
.685 
•9'5 

J.385 
2.05 

2.60 

38 

49 
6.9 

4.00 
z.60 
.612 
0 

0 

4.78 

6.35 
8.48 

12.8 

19. 

24.1 

35-2 

45.4 
64.0 

5.67 
0 

7834 
5215 
32H 
1655 
463 
x66 

4663 
3665 
1305 

339 
46 

5 

64.0 

45.4 
35.2 
34.0 

8.44 

3-5 

H.     Tempered  at  300.' 


TABLE  XXII. 


TABLE  XXIIL 


Ring  I  ; 

«i  =  300;  ' 

=  127;  (B  = 

20.7  X  d\ 

Ring  II; 

"i  =  300;  i 

=  129;  (B= 

=  24.7  X  d; 

ac  = 

9.56  X  /. 

JC  =  9-44  X  /. 

d 

(B 

+8931 

/ 

OC 

d 

(B 
+9399 

I 

JC 

0 

0 

^^^ 

0 

0 

63 

7628 

.933 

8.81 

60 

7916 

.506 

4.78 

53 

6738 

1. 401 

13.38 

27 

7249 

.670 

6.33 

82 

5041 

2.09 

19.98 

74 

5421 

.890 

8.40 

127 

2412 

2.64 

25  24 

X64 

«370 
—4607 

i.»55 

11.13 

•75 

-3281 

3.M 

30.02 

242 

1.60 

15.10 

250 

8455 

3-79 

36.2 

127 

7744 

1.99 

18.79 

134 

11239 

4.94 

47.2 

86 

9868 

3.49 

23.5 

97 

»3237 

6.95 

66.4 

8s 

11968 

3.60 

34.0 

\ 

42 

13005 

4.62 

43.6 

H 

13450 

4.8 

45-9     I 
16.8 

48 

X4190 

6.43 

6».6 

10638 

1.76 

8a 

893* 

0 

0      > 

37 

13276 

3.8 

35.9 

1 

72 

11498 

'.338 

ia.65 

43 

10436 

.550 

5.19 

1 

1 

42 

9399 

0 

0 
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TABLE  XXIV. 


TABLE  XXV. 


Ring  III 

;  "i  =  295; 

c  =  129;  (B= 

=  18.1  X^; 

Ring  IV 

I   •!  =*  300; 

f  =  X28;  (B  = 

s  X8.4  X  d\ 

3C  = 

9.69  X  /. 

d 

JC=  9  52  X  /. 

d 

+8905 

/ 

OC 

(B 

I 

X 

^^^ 

0 

0 

„_ 

+5640 

0 

0 

s«. 

7855 

.263 

255 

127. 

3303 

.077 

•73 

s- 

7258 
6063 

.370 
.505 

3.58 
4.89 

156. 
»53. 

—2382 

.X20 
.19a 

X.X4 
1.83 

335. 

1990 

.670 

6.49 

101. 

4240 

.a67 

2.54 

336. 

3IOI 

.890 

8.62 

90. 

5806 
7x84 

.375 

357 

255. 

6717 

1.352 

13.08 

70. 

.5x0 

4.86 

161. 

9631 

2.00 

19.4 

61. 

8306 

.674 

6.43 

73- 

XO953 

255 

24.7 

62. 

9447 

.897 

8.54 

56.5 

12635 

372 

36.0 

87. 

1x048 

X.355 

1Z.9 

X3658 

480 

46.5 

38. 

12391 

2.00 

19.0 

70.5 

'4934 

6.78 

65.7 

13090 

2.5X 

239 

44.5 

X3909 

3.6 

34  3 
438 

59 

X3866 

3.03 

38.0 

23. 

X4332 
X4829 

4.6 

135. 

X1603 

X  34 

X3.0 

27. 

6.3 

60. 

72. 

10300 

•550 

5.33 

77. 

8936 

0 

0 

32.5 

14232 
X3«84 

3.82 

36.4 

^' 

a.oa 

X9.3 

96. 

1x417 

x.oa 

971 

99- 

9595 

.49 

4.66 

III. 

7553 

.«54 

X.47 

105. 

562  X 

0 

0 

TABLE  XXVL 


Ring  I. 

Ring  11. 

Ring  111. 

Ring  IV 

r 

• 

(Bm 

(Br 

JC 

C»m 

(Br 

3C 

(Bm 

(Br 

JC 

(Bm 

«r 

JC 

9656 

73x4 
3926 

76a8 
6552 
4398 
16x0 

66.4 

465 
35.6 

39.35 
24.85 

14 190 

12039 

8596 

6793 
3940 
3186 

9399 

8793 

6595 
5064 

3680 

xa33 

60.6 
34.0 
18.9 

X5.X 
XX. X3 

8.4 

X4934 
13679 

9909 
7792 

5x90 
3310 
X548 

8905 
8634 

747s 
6036 

3969 

3367 

869 

65.7 

36.3 

X9.4 

X3.X 
8.65 

6.5 

4.9 

X4830 

X3403 

8409 

5161 

3511 

5640 
5612 

503' 
3542 

»739 

60.0 
19.0 

6.4 

2-5 

X.X3 

I.     Tempered  at  450°. 

TABLE  XXVII.  TABLE  XXVIII. 


Ring  I ;  «,  =  300 ;  c  =  ia7 ;  (B=  ao.7  X  d\ 

X  =  9.56  X  /. 

Ring  II;  wi  =  300;  c  =  127;  (B=  25.1  X  d\ 
3C  =  9.44  X  /. 

d 

(B 

/ 

3C 

0 

492 

644 

8.6 
«3.x 

«5-5 
17.3 

x8i 
191 

20.7 

32.5 

256 
30.8 
428 
66.9 

19. 1 

97 

0 

d 

<& 

/ 

JC 

37 
X5 

36 

87 
85 

98 

350 
aix 

X23 

62 

69 

25 

44-5 

+X2X98 

XX431 

1X121 

10583 

8782 

702a 

S056 

3027 

— «X43 

65x6 

9062 

1x008 

"359 
X378a 
15065 

X3637 
X3X10 
13x98 

0 

.676 
.900 
x.368 
1.62 
x8o 
x.89 

2.00 
2.X7 

3.33 

4.48 
7.00 

3.00 

1.0x5 

0 

88 

.i5 

'30 
X45 
X33 
X73 

61 

3« 
34 

28 
48 

t 

+1x207 

8998 

7643 

3552 

289 

XX03X 

X2462 

«3993 
X4771 

X5624 

14921 
13716 
12812 
11206 

0 

.5« 

.895 
x.oxx 

X.X57 
1.352 

2.00 

2.54 

3.65 

6.49 
386 

x.6 

.754 
0 

0 

4.«« 

S-35 

8.45 

9-53 
X0.9 

X2.74 

X8.88 

24.0 

34.46 

44  37 

61.3 

36.4 
X5.X 

7.X2 

0 

1897.] 
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TABLE  XXIX. 


TABLE  XXX. 


Ring  III;  tii  =  300;  c  =  137;  (B=  18.4  X  d; 
CJC  X  9-53  X  /. 


</ 


36 

113 
390 
300 
60 
331 
339 

"i 

75 
4» 
4a 

38 

93 
61 

57 
86 


(B 


+9890 
9938 
7167 

3"9 

—  561 

X665 

573« 
9816 
X9079 
13146 
14596 
15980 
16053 

«5354 

^3643 
19531 

11472 

9890 


o 
.136 

•373 

•5« 
.636 

.676 

.90 

1.368 

9.03 

9.6 

3^8 

4.88 

6.83 

4.09 
1.69 
.909 

•459 
o 


oc 


'•3 

486 

5-97 
6.44 
858 
13.1 

»9-3 
34.8 
36.3 

46.5 
65.0 

38.3 
15.44 
8.60 

4.37 


Ring  IV:  mj  =  300;  c  =  ia6;  (B~  18.7  X  </; 
OC  =  9.52  X  /. 


</ 


>39 
«75 
»75 

1X3 

X02 

76 

66 
66 

79 
46 
>9 
95 

«7 

93 

47 
46 

73 
163 

139 


(S> 


+6189 
3590 

318 

—2954 
5049 
6956 

8377 
9611 

10845 
13399 

13189 

«3537 
1400s 

»4323 
«4753 

13874 

1 3014 

11649 

8601 

6189 


.078 
.190 
.190 
.969 

.375 
.570 

.673 
.896 

135 
9.00 

2-54 
360 

4.60 
696 

*.6o 

X.15 

.649 
.169 
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A.  Rings  in  the  original  state. 

The  measurements  of  rings  gave  the  following  data : 

Ringl,  Ring  11.  Ring  III.  Ring  IV. 

:Mean  diameter 12.607  cm.        12.699  cm.  12.63    cm.         12.607  cm. 

Volume 95.099  cm*       80  637  cm"*        109.29    cm*       107.99    cm* 

Oross-section 2.401  cm«         2.021  cm»  2.754  cm«  2.727  cm« 

As  I  stated  before,  these  measurement*  were  repeated  every 
time  after  the  rings  had  been  subjected  to  a  high  temperature,  so 
after  the  following  steps :  b,  c,  k  and  l.  Each  time  a  small  de- 
crease of  the  cross-section  was  observed. 

In  the  original  state,  the  hysteresis  curves  for  only  one  max- 
imum magnetizing  field  (OC)  of  about  60  were  determined,  except 
for  Ring  i,  for  which  the  value  of  3C  was  varied. 

The  hysteresis  curves  show  strongly  the  influence  of  carbon, 
the  area  of  the  loops  diminishing  with  the  decreasing  percentage 
of  carbon.  The  mild  steel  shows,  indeed,  a  curve  very  similar 
to  that  of  wrought  iron.  The  maximum  induction,  taking  the 
rings  in  the  order  i,  11,  in,  has  the  values :  13840,  15070,  15290 
lines  of  magnetic  force,  while  the  magnetizing  force  was  very 
nearly  the  same  in  all  cases.  The  corresponding  coercive  forces 
are  8.6,  2.7  and  8.6. 

B.  Rings  heaUd  to  675®  and  quenched, — The  rings  were 
then  introduced  into  furnaces,  which  were  well  heated  before- 
hand. On  the  bottom  of  the  muffles  was  put  a  sheet  of  asbestos 
and  over  this  two  strips  of  the  same  material,  cm  which  the  ring 
was  placed.  In  order  to  prevent  oxidation  as  much  as  possible, 
charcoal  was  put  in  the  opening  of  the  muffle.  The  heating  to  a 
dull  cherry-red  took  about  eight  minutes.  Then  the  ring  was 
withdrawn  quickly  and  quenched  in  water  at  5°  C. 

Ring  I  has  become  magnetically  harder,  L  ^.,  the  maximum 
induction  for  the  same  magnetizing  field  has  decreased,  the  per- 
meability, especially  for  low  fields,  is  smaller,  and  the  coercive 
force  increased  to  more  than  twice  its  original  value. 
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The  iron  ring  shows  an  increase  in  permeability,  which  may 
be  explained  by  a  previous  mechanical  hardening,  when  it  was 
tnmed  to  its  proper  shape. 

In  rings  ii  and  in  there  is  no  sign  of  magnetic  hardening, 
the  principal  influence  of  this  treatment  being  the  remarkable 
drop  of  the  remanence,  while  the  maximum  induction  remained 
almost  unchanged.  The  permeability,  on  the  other  hand,  de- 
creased a  little.  This  sudden  and  unexpected  drop  in  retentivity 
will  again  be  met  later  on  and  discussed  there  more  fully. 

It  is  apparent  that  we  have  not  passed  the  temperature  at 
which  low  carbon  steel  is  hardened.  It  is  well  known  that  the 
second  and  third  point  of  recalescence  for  low  carbon  steel  lie  at 
a  higher  temperature  than  the  corresponding  point  in  the  high 
carbon  steel,  which  apparently  had  already  been  passed  in  the  case 
of  the  high  carbon  steel.  It  is,  therefore,  probable,  though  I  do 
not  consider  this  experiment  as  an  absolute  proof,  that  the  mag- 
netic hardening  takes  place  when  steel  is  quenched  after  it  has 
been  heated  to  the  same  temperature  at  which  recalescence  occurs, 
i,  e.^  the  critical  temperature,  at  which,  according  to  Hopkinson 
and  others,  iron  loses  its  magnetic  properties. 

c.  Hings  h€ated  to  a  little  ahove  900"^  and  q'lvenched  in  ice- 
water  of  5°. — The  heat  treatment  was  the  same  as  in  b,  but  the 
temperature  was  raised  beyond  the  third  point  of  recalescence  of 
the  low  carbon  rings. 

All  the  steel  rings  show  the  hardening  effect,  the  same  being 
the  smaller  the  less  carbon  the  steel  contained. 

The  high  carbon  ring  (i)  shows  a  decided  increase  in  the  hys- 
teresis loss,  which  is  much  greater  than  the  increase  due  to  the 
first  heating.  While  the  first  time  the  temperature  was  raised 
only  a  little  beyond  the  point  of  recalescence,  it  was  this  time  at 
least  250°  higher.  We  draw  therefronb  the  important  conclu- 
sion that  steel  becomes  magnetically  the  harder^  the  more  the  tern,- 
perature  is  raised  beyond-  ths  recalescent  point.  The  passing 
of  this  point  by  only  a  few  degrees  is  not  suflScient  for  the  max- 
imum effect. 

The  hysteresis  curves  for  the  steel  rings  are  given  on  Figs. 
1-3,  the  maximum  induction  ((8^)  a"d  remanence  (CB,)  as  a  func- 
tion of  the  magnetizing  force  on  Fig.  4,  and  cR  ^  as  a  function  of 
(Bm  on  Fig.  5. 

D.  Rings  reheated  to  \00^  for  one  hour. — The  corresponding 
curves  are  marked  by  crosses  on  the  plates  and  are  drawn  only 
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for  the  low  carbon  ringe,  tlie  cliange  being  ver;  small  for  the 
high  carboD  steel.  The  intiiience  of  this  step  becomes  more 
appareut  the  less  carbon  the  steel  contains,  and  it  consists  in  a 
loioervng  qfC&a  o"  w^  <m  (&^  m  Rings  ii.  and  in.,  and  in  a  slight 
raising  of  the  same  quantities  in  Bing  i.  The  coercive  force  in 
III.  has  become  slightly  larger.     The  low  carbon  sted  becomes, 
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therefore,  magnetically  harder  when  it  is  reheated  to  100°.  This 
result  is  consigtent  with  tlie  observations  of  Bams  and  others 
mentioned  above. 

B.  and  r.  Rings  were  heated  to  100°  for  24  hours. — The  heat 
treatment  was  the  same  as  in  the  preceding  case,  except  that  the 
time  of  the  heating  was  increased.     I  do  not  give  the  results. 
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since  no  decided  cliauge  takes  place.  The  curves  almost  coincide 
with  the  preceding  ones,  though  there  ia  an  unmistakable  increase 
of  penneabiHty,  especially  for  small  magnetizing  fields,  this 
change  being  largest  for  the  high  carbon  steel.  We  have,  there- 
fore, a  more  or  less  pronounced  influence  of  the  time  during 


which  the  rings  ware  subjected  to  this  temperature,  consisting 
in  a  slight  increase  of  permeability. 

<i.  liinijs  reheated  to  200". — Apparatus  for  the  heat  treatiuent : 
On  tiie  top  of  tlie  heating  table  were  placed  two  strips  of  aslies- 
tos,  on  this  a  disk  of  the  same  material  with  a  round  hole  in  tlie 
middle,  then  a  layer  of  iron  turnings  and  on  this  the  ring.     The 
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wliole  was  surrounded  with  an  aHbestos  ring,  which  was  tilled 
with  iron  turnings,  bo  that  the  ring  was  entirely  imbedded  in  the 
«ame.  Tlie  temperature  was  read  b;  means  of  a  thermometer, 
which  was  placed  so  as  to  touch  the  ring  inside.  By  the  arrange- 
ment described,  imlfomi  distribution  of  heat  from  the  centre  was 


procured.  As  soon  as  the  temperature  rnse  to  200°  tiio  ring  was 
withdrawn  and  allowed  to  cool  in  tlie  air. 

I  give  the  results  for  Ring  i.  only,  the  others  showing  a  very 
small  increase  in  magnetic  induction. 

ffe  will  see  from  the  comparison  with  the  data  given  later  on 
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that  the  increase  of  induction  is  comparatively  small  in  all  rings. 

H.  Bings  reheated  to  300°. — The  heat  treatment  was  prac- 
tically the  same  ae  in  o. 

AH  rings  show  a  decided  increase  in  permeability,  the  change 


being  the  smaller  the  less  carbon  the  steel  contains.  The  curre 
for  King  in.,  indeed,  coincides  so  nearly  with  that  of  the  hardened 
ring  that  the  points  corresponding  to  this  step  could  be  indicated 
only  by  dots  in  the  plates.  The  wrought  iron  ring,  that  bo  far 
showed  no  sign  of  a  change,  has  a  larger  permeability  fur  small 
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licldg  than  it  had  before.  By  comparing  the  curves  on  Fig.  4, 
we  see  a  decided  tendency  towards  an  increase  of  the  remanence 
for  any  given  value  of  maximnm  indaction.  This  will  become 
more  and  more  decided  as  we  increase  the  temperature  to  which 
the  rings  are  reheated. 
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The  nujat  important.  a?id  rath«r  unexpected  result  of  thU  step 
is  the  sudden  very  large  increase  in  the  maximum,  induction,  of 
Ring  t.  The  number  of  lines  of  ina^etic  force  Lai  almost 
reached  tlie  value  tlie  ring  had  before  it  was  heated  at  all. 
Therefore,  whatever  change  in  the  chemical  or  physical  consti- 
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tution  of  the  ring  produces  the  change  in  the  magnetic  proper- 
ties, it  is  largest  for  the  high  carbon  ring  between  200°  and  300°, 
i.  e,^  at  a  temperature  which  corresponds  to  that  of  the  bhie  tem- 
per of  steel. 

I.  Heated  to  450°. — Heat  treatment  was  practically  the  same 
as  in  G. 

We  observe  a  further  increase  of  permeability  and  induction  for 
all  rings.  The  change  for  Ring  i.  is  only  about  one-third  of  the 
one  in  the  preceding  case,  while  we  have  a  comparatively  large 
change  for  Kings  ii.  and  in.,  corresponding  to  the  large  difference 
in  (B„  of  Ring  I.,  observed  before,  and  to  be  attributed  to  the  same 
causes. 

It  is  to  be  noticed  that,  though  the  magnetic  flux  has  prac- 
tically reached  its  maximum  for  the  field  strength  used,  the  value 
of  the  coercive  force  is  still  quite  large  in  comparison  with  the 
corresponding  value  for  the  rings  in  the  original  state.  The 
remanence  for  Ring  i.  is  larger  after  this  step  than  in  any  other. 
The  substance  is  Crescent  steel,  i,  <?.,  magnet  steel.  It  is  ap- 
parent that,  in  order  to  make  strong  inagnets^  it  will  he  ad- 
vindbh  to  reheat  the  quenched  steel  to  ahout  450°.  The  magnets 
could  be  made  more  than  twice  as  strong  as  if  simply  the  hard- 
ened steel  is  used.  Though  I  worked  with  closed  magnetic  cir- 
cuits, the  influence  of  the  ends  of  the  magnets  will  be  the  same 
in  the  two  cases.  It  is  of  importance  that  the  coercive  force  did 
not  decrease  nearlv  as  fast  as  the  remanence  increased.  Another 
factor  in  the  making  of  magnets  is  their  permanency.  I  men- 
tioned the  usual  method  of  making  permanent  magnets  in  the 
introduction,  and  think  that  a  similar  treatment,  by  extending 
the  range  of  temperature  to  450°,  will  ensure  permanency  and 
produce  stronger  magnets. 

K.  Rirujs  annealed, — The  rin^s  were  again  placed  in  miiftles 
and  heated  to  a  bright  red  heat,  the  arrangement  being  the  same 
as  in  R  and  c.  After  the  temperature  of  about  850°  was  reached, 
the  tire  was  banked  and  the  rings  allowed  to  cool  inside  the 
muflles.  Charcoal  was  put  in  the  mouth  of  the  muflles.  This 
treatment  took  about  24  hours. 

The  rings  have  become  magnetically  soft.  While  in  the  Rings 
II.  and  III.  the  saturation  point  was  practically  the  same  as  before, 
the  coercive  force  decreased  to  its  smallest  value,  this  last  step 
being  the  largest  in  the  whole  series  for  the  coercive  force. 

In  the  high  carl>on  steel  and  the  wrought  iron,  we  tind  a  re- 
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markable  decrease  in  (ft„„  accompanied  in  King  i.  by  a  still  greater 
decrease  of  (B„  while  in  the  iron  (B,  increases  with  respect  to 
©nj.  These  changes  can  very  plainly  be  observed  on  Fig.  5^ 
where  (B,  is  plotted  as  a  function  of  (Bm.  The  curve  obtained 
for  Ring  I.  differs  entirely  from  any  of  the  curves  taken  after  the 
ring  was  hardened,  but  it  shows  a  great  similarity  to  curve  a 
taken  in  the  original  state. 

Hoping  to  obtain  similar  curves  for  the  other  two  steel  rings 
they  were  again  annealed,  the  temperature  this  time  being  raised 
to  nearly  1000®.     Cooling  took  place  in  the  same  way  as  before. 

L.  Reanneided, 

Both  rings  show  the  decided  decrease  of  (B^  and  the  different 
character  of  the  curve.  The  one  for  King  iii.  is  indicated  by  dots 
only,  and  coincides  partly  with  curve  i.  In  both  cases  there  is  a 
great  similarity  with  the  curves  b,  obtained  by  heating  the  origi- 
nally annealed  steel  to  a  high  temperature  below  the  point  of  re- 
calescence  and  suddenly  quenching.  It  almost  seems  that  the 
steel  by  this  process  ha»  become  a  different  substance.  These 
curves  show  more  the  characteristics  of  the  iron  (see  ring  iv.  on 
Fig.  5)  than  of  steel.  Houston  and  Kennelly's  law  does  not 
hold  for  nearly  as  wide  a  range  as  before.  I  believe  that  the 
effect  observed  in  the  last  step  is  not  an  immediate  effect  of  an- 
nealing, but  that  it  is  the  conditions  under  which  cooling  takes 
place,  that  influence  largely  the  retentivity  of  steel. 

Steel  heated  to  a  high  temperature  below  the  point  of  recaleMcence 
and  suddenly  qv^iwhed  as  in  b,  wUl  very  eaaily  h)8e  its  magnet' 
Ism.  Tliis  seems  to  me  of  practical  importance.  The  maximum 
induction  being  the  same,  and  the  remanence  a  great  deal  smaller 
than  in  the  ordinary  state,  it  is  apparent  that  the  hysteresis  loss  will 
be  much  smaller,  and  therefore  very  mild  steel,  as  our  King  in., 
treated  in  the  way  indicated  above,  is  preferable  to  the  ordinary 
mild  steel  used  in  transformers  or  other  instruments,  in  which 
cyclic  processes  take  place,  if  the  induction  is  carried  to  high  values. 

Since  the  hysteresis  loss  has  been  found  to  increase  appreciably 
in  transformers  after  they  have  been  used  for  some  time,  it  is  of 
great  importance  to  investigate  whether  a  similar  effect  takes 
place  in  steel  treated  in  the  manner  suggested.  A  series  of  such 
experiments  would  be  very  valuable  from  a  practical  point  of  view. 

In  1890,  Osmond  {FhiL  Mag.  29,  511,  1890)  advanced  a  theory 
according  to  which  a  bar  of  steel  consists  of  an  intimate  mixture 
of  a  iron  (magnetic)  and  ^  iron  (unmagnetic).  He  considers  the 
^  modification  as  forming  in  a  steel  a  porous  framework,  the  ratio 
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between  the  amount  of  a  iron  and  ^  iron  not  changing  under  the 
influence  of  currents  and  of  magnets.  ^'  In  the  presence  of  the 
rigid  network  of  ^  iron  the  polarized  a  particles  are  conceived  as 
catching  in  the  pores  of  the  ^  structure  and  immovable  in  this 
position,  thus  resulting  in  a  permanent  magnet."  Moreover,  he 
supposes  the  temporary  induction  and  the  remanence  to  be  a 


m 


function  of  the  ratio  —,  where  m  is  the  percentage  of  a  iron,  and 


n 


Pio.  6. 


n  the  percentage  of  ^  iron  in  the  steel.  Let  mp  and  up  (Fig.  6) 
represent  the  corresponding  values;  then  the  maximum  induction 
is  proportional  to  mp^  the  residual  to  mr.     Further  suppose,  that 

the  fraction  of  the  maximum  in- 
duction forming  the  remanence 
(r)  is  proportional  to  the  amount 
of  ^  iron  (n) ;  he  then  derives 
the  formula 

Consequently  the  remanence  is 
represented  by  a  parabola  starting 
from  0  upward  and  meeting  the 
X  axis  at  a  point  corresponding 
to  100^  a  iron. 

Suppose  this  theory  to  be  correct,  then  by  a  change  of  /3  iron 
to  a  iron  the  difference  between  the  maximum  induction  and  the 
remanence  increases.  My  experiments  show  that  this  does  not 
take  place  by  reheating  the  hardened  steel.  (Compare  results 
represented  on  Figs.  4  and  5.)  On  the  contrary,  the  difference 
becomes  smaller.  We  cannot  assume  a  transformation  of  a  iron 
to  fi  iron,  sirice  the  permeability  increases  decidedly  on  reheat- 
ing. On  the  other  hand,  the  sudden  drop  of  the  remanence 
observed  before  the  point  of  recnlescence  is  reached,  would  cor- 
respond very  well  to  Osmond's  theory,  if  we  suppose  a  trans- 
formation of  ^  to  a  iron  has  taken  place. 

I  believe  that  we  have  also  to  take  the  influence  of  the  carbon 
compounds  into  account,  which  has  not  been  done  by  Osmond. 
Let  us  assume  that  the  reheating  has  such  an  influence  on  the 
iron  in  the  iron  ring  and  on  the  carbon  compounds  as  to  decrease 
the  relative  distance  (Fig.  6)  between  the  maximum  induction  and 
the  remanence,  and  that  the  rate  of  this  change  decreases,  tlie 
higher  the  temperature  to  which  the  rings  are  reheated.   Probably 
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the  process  producing  this  change,  whatever  its  caase  may  be,  is 
completed  at  high  temperatures.  If  besides  this  there  is  any  other 
influence  present  producing  a  relative  drop  of  the  remanence  as 
should  be  expected  from  Osmond's  theory,  when  not  a  iron  changes 
to  a  iron,  this  latter  effect  is  masked  at  the  beginning  by  the  effect 
mentioned  first,  but  it  becomes  more  apparent  the  higher  the 
temperature  and  the  smaller  the  change  connected  with  the  rela- 
tive increase  of  the  remanence.  Finally  at  still  higher  tempera- 
tures only  the  influence  of  the  transformation  of  non-magnetic 
iron  to  magnetic  iron  remains,  the  other  process  being  practically 
completed. 

Figs.  4  and  5  show  that,  while  in  the  iron  ring  in  which  there 
is  no  )9  iron,  only  the  first  influence  can  be  observed,  we  have 
both  effects  in  the  steel  rings ;  here  the  second  influence  does 
not  appear,  until  we  have  almost  reached  the  point  of  recalescence, 
and  it  is  the  more  prominent,  the  harder  the  steel  or  (with 
Osmond)  the  more  non-magnetic  iron  the  steel  contains. 

The  results  of  this  research  may  be  summarized  as  follows : 

1.  The  point  at  which  steel  becomes  magnetically  hardened 
by  quenching,  lies  at  different  temperatures,  according  to  the 
amount  of  carbon  contained.  It  is  considerably  lower  in  high 
carbon  steel  than  in  low  carbon  steel,  and  corresponds  closely 
to  the  different  temperatures  at  which  recalescence  occurs. 

2.  The  higher  above  the  point  of  recalescence  st-eel  is  heated 
before  being  quenched,  the  harder  it  is  magnetically. 

8.  The  magnetic  hardening  produced  by  quenching  is  the 
larger,  the  higher  the  percentage  of  carbon. 

4.  Reheating  has  in  general  a  softening  effect  upon  the  mag- 
netic properties  of  hardened  steel,  ?'.  ^.,  the  permeability  in- 
creases, and  is  accompanied  by  an  increase  of  maximum  induc- 
tion and  a  decrease  of  the  coercive  force.  But  a  hardening  is 
noticeable  in  the  low  carbon  steel  after  it  has  been  reheated  for  a 
short  time  to  100°.  The  greatest  change  in  the  maximum  induc- 
tion takes  place  for  high  carl)on  steel  between  200°  and  300°,  for 
low  carbon  steel  between  300°  and  450®,  beyond  which  tempera- 
ture there  is  hardly  any  change  in  the  practical  limit  of  satura- 
tion. All  change  taking  place  in  reheating  beyond  450°  consists 
in  an  increase  of  permeability  for  small  magnetizing  forces,  ^.  e,j 
a  decrease  in  the  coercive  force  or  hysteresis  loss. 

5.  To  produce  strong  magnets,  the  hardened  steel  should  first 
be  reheated  to  450°. 
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6.  Heating  to  a  high  temperature  below  the  point  of  recales- 
cence  and  sudden  quenching,  produces  a  steel  with  a  very  weak 
retentivity  if  the  value  of  the  magnetizing  force  has  been  large; 
in  consequence  of  which  the  hysteresis  loss  in  a  cycle  is  greatly 
decreased.  This  result  may  also  be  obtained,  though  in  a  lesser 
degree,  by  annealing  at  a  very  high  temperature. 

I  am  greatly  indebted  to  Mr.  L.  F.  Morehouse,  one  of  my 
students,  for  the  valuable  assistance  rendered  me  in  most  of  the 
experiments. 

Physical  Laboratory  of  the  University  of  Michigan. 

March  13th,  1897. 


Discussion. 

Prof.  Henry  S.  Carhart: — The  Beuring  of  thin  Investiga- 
tion on  the  Theory  of  the  ConstitiUian  of  Sted,  The  chemical 
composition  of  the  steel  and  iron,  whose  magnetic:  properties  Dr. 
Guthe  has  investigated,  has  been  carefully  determined.  This  was 
done  because  one  of  the  chief  objects  in  view  was  the  bearing  of 
the  magnetic  properties  of  steel  and  iron  on  the  theory  of  their 
composition.  The  theory  of  steel  has  been  studied  by  means  of 
chemical  analysis,  by  its  microstructure  and  by  its  mechanical 
and  magnetic  properties.  Dr.  Guthe's  paper  connects  the  first 
method  and  the  last  two. 

The  old  carbon  theory  of  the  hardening  properties  of  steel  and 
its  corresponding  changes  in  magnetic  properties,  has  been 
strongly  opposed  by  the  most  recent  allotropic  theory,  of  which 
Osmond,  of  Paris,  and  Roberts-Austen,  of  London,  are  perhaps 
the  most  conspicuous  supporters.  This  theory  appears  to  be  based 
on  the  known  chemical  and  structural  changes  which  the  carbon 
imdergoes  when  the  metal  is  raised  to  high  temperatures,  and  on 
the  recalescence  or  retardation  points  of  iron. 

Osmond  distinguishes  three  allotropic  forms  of  iron,  which  he 
calls  a  iron,  ^  iron,  and  y  iron  respectively.  For  the  present 
purpose  we  need  to  distinguish  between  the  a  and  [i  forms  only. 
The  a  iron  is  magnetic,  the  /9  form  non-magnetic. 

The  first  point  of  recalescence,  or  of  tlie  retardation  which 
iron  exhibits  either  in  the  process  of  heating  or  of  cooling,  is 
from  640*^  to  690°  C.  Below  this  temperature,  annealed  low  car- 
bon iron  consists  almost  entirely  of  a  iron.  The  point  of  retarda- 
tion of  the  temperature  on  cooling  is  about  30°  lower  than  on 
heating,  or  the  iron  exhibits  another  characteristic  form  of  hys- 
teresis. Iron  containing  more  than  about  0.5  per  cent,  of  carbon 
has  only  this  first  point  of  retardation.     It  is  denoted  by  A^, 

The  second  retardation  point  in  low  carbon  iron,  called  ^2t 
occurs  at  temperatures  between  700°  and  750^  C.  Iron  having 
less  than  0.5  per  cent,  carbon  and  more  than  0.25  per  cent,  ex- 
hibits this  second  point  of  retardation  in  addition  to  tne  first. 
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The  third  point,  denoted  by  As,  lies  between  800*^  and  860^  C. 
Iron  containing  less  than  0.25  per  cent,  of  carbon  has  all  three 
points  of  retardation  in  heating  and  in  cooling  slowly. 

When  carbon  is  present  in  suflScient  amount,  it  has  the  power 
of  lowering  the  temperature  of  both  upper  points  of  retardation 
to  that  of  the  first,  so  that  high  carbon  iron  exhibits  only  the  one 
point. 

At  these  points  of  retardation,  iron  changes  its  allotropic  form 
and  these  changes  are  accompanied  by  changes  in  the  chemical 
composition  of  the  carbide  of  iron  and  its  distribution  or  diffusion 
through  the  mass  of  the  iron.  Such  allotropic  changes  correspond 
to  a  critical  change  of  energy.  The  passage  of  iron  from  one 
allotropic  form  to  another  is  attended  with  evolution  or  absorp- 
tion of  heat.  Professor  Koberts-Austen  defines  allotropy  as  fol- 
lows :  '*  Allotropy  is  a  change  of  internal  energy  in  an  element 
at  a  critical  temperature,  unaccompanied  by  a  cliange  of  state." 
When  iron  is  heated  to  the  point  ^i,  the  heating  is  temporarily 
arrested  with  more  or  less  suddenness,  and  heat  is  absorbed.  On 
lowering  the  temperature,  the  cooling  is  arrested  at  a  sensibly 
lower  temperature,  and  heat  is  evolved 

During  these  allotropic  changes  on  heating,  energy  is  ab- 
sorbed at  the  critical  points,  as  the  metal  passes  from  a  more 
stable  to  a  less  stable  condition.  When  it  cools  slowly,  the  stored 
energy  is  given  up  again  at  the  corresponding  points  of  retarda- 
tion on  the  curve  of  cooling,  as  the  iron  reverts  to  its  more  stable 
form.  But  when  steel  is  suddenly  cooled  by  quenching,  Osmond 
and  Howe  have  shown  that  there  is  no  point  A  ;  or,  in  other  words, 
the  iron  exhibits  no  retardation,  and  retains  the  energy  absorbed 
at  the  retardation  points^i  on  the  curve  of  heating.  It  is  then 
assumed  that  other  properties  above  the  critical  range  of  tem- 
perature are  retained  along  with  the  absorbed  energy.  In  general, 
the  heat  of  combination  of  quenched  steel  is  appreciably  larger 
than  that  of  the  same  steel  which  has  not  been  hardened  by 
quenching.  Some  anomalies  in  this  branch  of  the  subject,  how- 
ever, await  a  satisfactory  explanation. 

Sauveur  has  recently  shown  by  microscopic  examination,  that 
a  marked  structural  change  in  steel  accompanies  the  allotropic 
change  at  each  critical  point.  These  "  changes  of  structure,"  he 
says,  *'  correspond  exactly  with  the  retardations,  beginning  and 
ending  with  them/'  Within  ranges  of  temperature  not  contain- 
ing any  critical  point,  there  is  no  change  in  the  microstructural 
composition  of  steel.  It  is,  therefore,  not  unreasonable  to  con- 
clude that  the  energy  changes  which  occur  at  the  retardation 
points  are  due  to  the  structural  changes  themselves.  This  view 
is  supported  by  the  fact  that  soft  iron  ceases  to  be  magnetic,  ac- 
cording to  Tomlinson,  at  950*^  C.,  the  highest  retardation  point 
on  heating;  low  carbon  steel  at  750"^  C,  the  second  critical  point; 
and  high  carbon  steel  at  650*^  C,  the  lowest  critical  point. 

Analogous  cases  of  energy  change,  accompanying  a  change  in 
physical  state,  are  that  of  ice  absorbing  energy  when  it  passes  into 
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a  liquid,  and  sodium  sulphate,  for  example,  evolving  heat  when 
it  passes  suddenly  from  a  saturated  solution  into  a  mass  of  crys- 
tals. 

It  remains  to  be  determined  whether  these  critical  changes  in 
iron  are  physically  or  chemically  allotropic,  or  perhaps  both ;  for 
if  the  word  compound  be  used  instead  of  element  in  the  defini- 
tion of  allotropy,  it  will  then  include  cases  of  isomerism. 

The  allotropic  theory  is  founded  on  these  energy  changes 
which  carburized  iron  undergoes  when  it  is  heated  or  cooled  ;  it 
considers  carburized  iron  as  an  alloy,  and  this  alloy  may  be  dis- 
solved in  the  pure  iron  or  f errite.  "  The  presence  of  0.9  per 
cent,  carbon  marks  a  saturation-point  of  iron  by  carbon."  It  is 
also  a  fundamental  hypothesis  in  the  allotropic  theory,  that  car- 
bon hinders  the  change  of  non-magnetic  p  iron  back  to  the 
magnetic  a  form,  even  during  slow  cooling.  When  the  hot  iron 
is  suddenly  quenched,  the  iron  remains  largely  in  the  /9  form,  if 
much  Carbon  is  present. 

Since  a  iron  is  magnetizable,  temporary  magnetism  consists  in 
the  setting  of  the  magnetic  axis  of  the  a  particles  more  or  less 
completely  in  the  direction  of  the  axis  of  magnetization.  In-so- 
far  as  the  particles  retain  this  polar  arrangement,  the  magnetism 
is  permanent.  Now  the  inert  p  iron  is  supposed  to  act  as  a  viscid 
matrix  encasing  the  magnetic  particles.  It  therefore  renders  it 
more  difficult  of  magnetization,  and  for  the  same  reason  restrains 
the  a  iron  particles  from  returning  to  their  unmagnetized  rela- 
tions to  one  another.  Hence  temporary  magnetism  increases  as 
the  relative  quantity  of  a  iron  increases,  while  the  relative  value 
of  the  remanence  increases  with  the  /9  iron. 

Since  carbon  is  assumed  to  check  the  conversion  of  ^  iron  in 
cooling  to  a  iron,  high  carbon  iron  when  hardened  is  more  diffi- 
cult to  magnetize ;  but  on  the  other  hand,  when  it  is  once  magne- 
tized, it  retains  it  magnetism  with  greater  tenacity  than  low 
carbon  iron  does.  In  a  mixture  of  a  iron  and  non-a  iron,  the 
latter  entangles  the  other  and  acts  as  a  passive  obstacle  to  the 
magnetization  of  iron ;  it  also  helps  to  retain  it  when  once  mag- 
netized. Hence  the  presence  of  non-magnetic  iron  is  offered  as 
a  sufficient  explanation  of  remanence. 

In  support  of  the  theory  that  iron  undergoes  allotropic  changes 
it  may  be  mentioned  that  iron  entirely  free  from  carbon,  exhibits 
the  two  upper  retardation  phenomena.  The  change  associated 
with  them  is  therefore  a  physical  or  allotropic  one,  and  is  not 
dependent  on  carbon.  On  the  contrary,  the  lowest  point  of  re- 
tardation is  identified  with  a  change  in  the  carbon;  and  within 
limits,  the  retardation  is  more  pronounced  as  the  percentage  of 
carbon  increases. 

Again,  Beetz  found  that  when  pure  iron  was  deposited  electro- 
lytically  in  a  thin  line  on  silver  parallel  to  an  intense  magnetic 
held,  it  was  permanentlv  magnetized  and  no  more  magnetism 
could  be  induced  in  it.     Here  carbon  plays  no  part  in  tne  mag- 
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netic  phenomena,  and  besides  it  is  difficult  to  see  how  any  of  the 
theoretical  non-a  iron  can  be  present. 

Manganese  steel  presents  difficulties  for  the  allotropists.  Ac- 
cording to  the  allotropic  theory,  this  steel  is  hard  and  non- 
magnetic on  account  of  the  preponderance  of  ^  iron.  But  it  is 
quite  possible  to  give  to  manganese  steel,  magnetic  properties 
without  diminishing  its  hardness.  Hence  it  furnishes  no  proof 
of  the  presence  of  ^  iron. 

Further,  an  alloy  containing  25  per  cent,  of  nickel  exhibits 
remarkable  properties.  Dr.  J.  Ilopkinson  has  shown  that  this 
alloy  is  magnetic  or  non-magnetic,  according  to  the  heat  treat- 
ment it  receives.  In  the  non-magnetic  form  it  should  therefore 
be  hard,  and  should  contain  a  very  large  proportion  of  iron  in  the 
^  form.  But  it  is  equally  soft  and  can  be  readily  machined  in 
either  condition.  How  then  can  the  allotropic  theory  explain 
why  manganese  steel  may  become  magnetic  without  losing  its 
hardness,  and  nickel  steel  become  non-magnetic  without  losing 
its  softness?^ 

Dr.  Guthe  has  demonstrated  that  high  carbon  steel  must  be 
heated  to  a  temperature  above  the  lowest  retardation  point  before 
it  is  hardened  to  any  considerable  extent  by  quenching,  and  be- 
fore it  exhibits  marked  retentivity.  The  lowest  retardation  is 
thus  identified  with  the  change  in  the  magnetic  properties  of 
steel  produced  by  quenching  and  hardening. 

He  has  also  shown  that  the  reraanence  is  proportionately  larger, 
the  higher  the  steel  is  heated  above  the  lowest  point  of  retarda- 
tion. Sudden  cooling  above  A^  is  necessary  to  enable  the  iron 
to  retain  its  magnetism.  If  it  is  quenched  near  A^^  much  of  the 
iron  may  cool  below  A^  before  it  is  really  chilled.  To  secure 
more  thorough  chilling,  it  must  be  quenched  from  a  higher  tem- 
perature. In  tenns  of  the  allotropic  theory  more  of  the  ^  iron 
IS  retained  in  that  form  if  the  temperature  is  high  enough  to 
secure  chilling  before  the  iron  fails  to  the  point  A^, 

With  low  carbon  iron,  heating  to  about  650°  and  quenching 
actually  reduces  the  remanence  and  the  coercive  force  some  25 
per  cent ,  as  shown  by  Ring  in  King  i.  shows  that  tempering 
increases  not  only  (B.n5  but  (B^  as  well.  Further,  the  same  ring 
has  both  (S>a^  and  (B^  reduced  by  annealing.  It  is  difficult  to  see 
in  what  way  the  allotropic  theory  can  account  for  these  results. 

In  contrast  with  Kings  i.,  Kings  in.  and  iv.  show  on  annealing 
an  increase  in  the  value  of  the  remanence  as  compared  with  (Bm. 

A^ain  Fig.  4  shows  that  the  remanence,  as  a  function  of 
JC,  increases  as  the  process  of  annealing  is  carried  farther  and 
to  higher  temperatures.  It  is  difficult  to  reconcile  this  fact  with 
the  allotropic  theory,  especially  with  soft  iron  rings  where  the 
proportion  of  non-«  iron  to  a  iron  must  be  small. 

If  the  allotropic  theory  is  correct,  then  a  transformation  of  ^ 

1.  Tram.  Anier^  Inst,  Mining  Engineers,  R.  A.  Hadfield. 
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iron  to  a  iron  must  be  accompanied  by  a  decrease  in  the  rema- 
nence  or  residual  magnetism,  as  compared  with  the  maximum 
induction.  This  is  apparent  from  an  mspection  of  the  diagram 
in  Osmond's  theory.  Now  in  the  process  of  annealing  ^  iron 
reverts  to  a  iron.  It  will  be  seen,  however,  that  while  in  Kings 
I.  and  II.  of  highest  carbon,  the  ratio  of  (Rr  to  (B^  decreases  as  the 
annealing  progresses,  the  reverse  is  true  with  Kings  iii.  and  iv. 
In  the  step  b,  nowever,  there  is  a  reduction  in  the  remanence  as 
compared  with  the  maximum  induction. 

In  high  carbon  steel  non-a  iron  is  supposed  to  revert  to  a  iron 
at  the  temperature  of  the  first  point  of  retardation.  But  l)r. 
Guthe  shows  that  such  steel  exhibits  a  large  increase  in  perme- 
ability when  it  is  heated  to  a  temperature  between  200^  and 
300®  C.  This  temperature  is  much  below  A^,  Does  then  non- 
magnetic iron  revert  to  magnetic  iron  at  this  comparatively  low 
temperature?  If  so,  what  connection  has  this  magnetic  change 
with  the  allotropic  changes  on  which  the  theory  is  supported  ? 

All  existing  physical  theories  of  magnetism  now  recognize 
that  the  particles  of  iron  are  always  magnets.  Swing's  beautiful 
theory  and  the  experiments  supporting  it  are  in  hannony  with 
the  physical  phenomena.  There  is  no  place  in  this  apparently 
for  non-magnetic  iron,  and  none  for  the  easy  passage  of  iron  from 
the  magnetic  to  the  non-magnetic  state  or  the  reverse. 

Osmond  admits  that  magnetic  phenomena  come  with  difficulty 
into  line  with  the  allotropic  theory.  It  is  pertinent  to  raise  the 
inquiry  whether  some  of  the  facts  brought  out  in  Dr.  (iuthe's 
paper  are  not  irreconcilable  with  this  theory. 

Me.  Paul  A.  N.  Winand  : — I  would  like  to  remark  that  the 
temperature  at  which  the  bar  has  been  heated  above  the  critical 
point,  has  something  to  do  with  the  suddenness  with  which  the 
various  parts  of  the  cross-section  will  cool  down  past  that  critical 
point;  because,  if  we  are  just  above  the  point  to  start  with,  the 
particles  nearer  the  centre  will  cool  rather  slowly  at  first.  They 
will  gradually  take  a  faster  rate  of  cooling,  but  by  the  time  the 
rate  of  cooling  has  become  sufficiently  rapid,  the  temperature  of 
these  points  has  dropped  below  the  critical  degree  and  they  fail 
to  become  magnetically  hard.  But  if  we  are  pretty  well  above 
the  critical  degree  to  start  with,  the  whole  cross-section  will  pass 
pretty  suddenly  through  that  degree ;  and  it  is  perhaps  not  the 
tact  that  the  steel  was  heated  at  a  high  temperature,  but  simply  the 
special  circumstance  that  it  was  cooled  more  quickly  past  the  critical 
degree,  which  accounts  for  the  difference  mentioned  in  the  paper. 

My  friend  Billberg  and  myself  once  tried  to  magnetize  bar- 
magnets  by  quenching  them  while  they  were  subjected  to  the 
magnetizing  force,  in  order  to  see  whether  we  could  get  any 
better  magnets,  and  there  seemed  to  be  a  slight  difference  in 
favor  of  this  course.  We  made  the  measurements  only  roughly, 
because  we  wanted  to  see  if  there  would  be  any  important  gain. 
The  gain  did  not  seem  to  be  sufficient  to  warrant  for  the  trouble. 
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SO  we  did  not  try  any  further  in  this  direction.  It  may  be,  how- 
ever, that  some  results  could  be  obtained  by  careful  measure- 
ments that  would  throw  some  light  on  the  subject  generally. 

Perhaps  it  would  be  necessary  to  employ  a  very  high  magnetiz- 
ing force  at  the  high  temperature,  as  tne  steel  is  hardly  magnetic 
at  those  temperatures.  We  did  not  employ  a  magnetizing  force 
any  gieater  tnan  what  seemed  to  be  amply  sufficient  to  magnetize 
the  cold  bars  to  the  highest  point  attainable. 

Mention  was  made  by  Prof.  Carhart  of  the  behavior  of  a  thin 
film  of  electrolytically  deposited  iron  which  showed  permanent 
magnetism  if  deposited  in  a  strong  field.  At  high  temperatures 
the  material  might  behave  in  a  similar  manner,  provided  the 
field  be  strong  enough 

The  Chairman  [Vice-President  Pupin]  : — I  may  say  that  the 
paper  is  so  exhaustive  that  it  is  very  difficult  for  any  member 
present  to  make  up  his  mind  in  the  course  of  one  evening  as  to 
the  correlation  of  facts  disclosed  in  this  investigation.  There  is 
perhaps  no  phenomenon  that  is  so  complex  as  me  magnetization 
of  iron.  I  remember  that  Helmoltz  in  his  lectures  at  Berlin 
when  1  was  a  student  there,  whenever  he  came  to  discuss  the 
behavior  of  permanent  magnets  in  a  varying  electromagnetic  field, 
used  to  stop  and  make  a  very  long  pause  and  then  finally,  at  the 
end  of  the  pause,  he  would  say  :  "  ^fV^len  we  come  to  permanent 
magnets,  then  1  don't  know  whether  this  equation  hofd^  true  or 
not?'  It  was  a  sort  of  stumbling  block  in  his  analysis  of  the 
forces  which  come  into  play  in  a  varying  electromagnetic  field. 
I  could  not  help  thinking  that  in  the  phenomena  which  Prof. 
Carhart  describea  to  us,  the  molecular  forces  have  a  great  deal  to 
do  with  the  behavior  of  magnetized  iron.  Wherever  we  have  a 
close  connection  between  the  changes  in  the  temperature  of  a 
substance  and  the  forces  the  seat  of  which  is  in  the  substance,  we 
may  be  pretty  sure  that  these  forces  depend  on  the  molecular 
state  of  the  substance ;  because,  according  to  our  view  of  tem- 
perature, it  is  something  which  depends  on  the  molecular  and  not  on 
the  atomic  state  of  the  substance.  There  is  no  doubt  that  these 
sudden  changes  in  the  behavior  of  the  retentive  force  and  the  coer- 
cive force  are  caused  by  a  sudden  change  in  the  molecular  structure. 
But  how  close  this  relation  is,  it  is  very  difficult  to  tell.  I  am 
rather  in  favor  of  the  view  that  these  sudden  changes  in  the  re- 
tentive and  coercive  force  and  permeability,  are  accompanied  by 
an  allotropic  change  in  the  structure  of  the  substance.  Of  course, 
that  is  only  a  matter  of  feeling ;  and,  as  I  said  before,  the  number 
of  facts  brought  out  by  this  investigation  is  so  large,  that  it  is  v^rj 
difficult  to  CO  ordinate  them  and  form  a  consistent  physical  theory 
in  the  course  of  one  evening.  We  have  to  be  guided  more  by 
feeling  than  by  reasoning.  1  don't  know  but  that  such  perhaps 
is  the  course  which  we  have  to  pursue  in  the  study  of  the  magnetic 
literature  in  general.  Take,  for  instance,  Ewing's  book  and  read 
it ;  when  you  get  through  it  you  say,  "I  have  got  to  read  it  again." 
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You  read  it  again,  and  after  reading  it  the  second  time  you  have 
very  probably  changed  your  first  view,  and  so  the  third  or  fourth 
time — every  time  you  read  it  you  seem  to  change  your  opinion. 
Lay  the  book  aside,  and  after  about  four  or  five  or  six  months,  you 
feel  that  your  whole  knowledge  of  the  facts  disclosed  in  the  biook 
is  retained  in  your  heart  and  not  in  your  mind.  It  becomes  a  mat- 
ter of  feeling,  and  not  of  pure  reasoning,  and  that  is  the  surest 
sign  that  the  correlation  of  facts  is  in  a  sort  of  nebulous  state, 
and  I  think  that  being  in  a  nebulous  state  as  it  is,  it  is  the  more 
interesting.  Because  when  a  part  of  a  science  is  perfectly  elab- 
orated and  worked  out  so  that  there  seems  but  little  left  to  be 
done,  then  it  is  like  a  garden  laid  out  by  a  landscape  gardener — 
one  likes  better  to  walk  in  a  place  where  there  is  something  to 
iinprove.  The  investigation  oescribed  before  us  this  evening 
invites  us  into  a  field  which  is  a  \erj  promising  one  and  a  very 
interesting  one,  although  some  people  seem  to  think  that  there  is 
nothing  less  interesting  than  a  permanent  magnet,  because  a 
permanent  magnet  is  permanent,  and  that  is  all  that  there  is  to 
It.  Bat  that  is  not  so,  because  there  is  more  difference  between 
one  permanent  ma^et  and  another  than  there  is  between  any 
other  two  things  of  the  same  kind.  We  may  congratulate  our- 
selves that  the  subject  has  been  taken  up  by  so  competent  hands 
as  those  of  Professor  Carhart  and  his  associates,  and  I  am  sure 
that  it  is  going  to  remain  in  good  hands  and  give  us  much  needed 
information. 

Mb.  Melson  W.  Peery  : — I  think  we  are  greatly  indebted  to 
Dr.  Guthe  for  his  paper — probably  a  little  too  deep  for  most  of 
us  to  discuss  off-hand.  We  are  also  greatly  indebted  to  Professor 
Carhart  for  presenting  it  in  such  an  admirable  manner,  and  I 
move  that  a  vote  of  thanks  be  tendered  to  Dr.  Guthe  for  his 
paper  and  to  Professor  Carhart  for  his  kindness  in  presenting  it 
and  for  his  own  remarks  upon  the  subject. 

[The  motion  was  carried.     Adjourned.] 

[Communicated  After  Adjournment  by  Ppof.  Elihu  Thomson.] 

The  valuable  paper  of  Dr.  Guthe  calls  attention  to  the  need  of 
accurate  knowledge  concerning  the  behavior  of  steel  as  a  magne- 
tic medium  when  it  has  been  treated  by  heating,  quenching, 
cooling  and  annealing  or  tempering.  Incidentally  some  of  the 
considerations  are  shown  to  apply  to  those  varieties  of  iron  con- 
taining such  low  amounts  of  carbon  as  not  properly  to  be  called 
steel,  except  in  relation  to  the  process  used  in  making  tbera.  The 
subject  is  one  of  great  practical  importance  and  it  is  only  by 
sncn  experimental  aata  as  the  paper  furnishes  that  we  can  ad- 
vance. 

Nearly  ten  years  ago  my  attention  was  stronglj^  drawn  to  the 
problem  of  producing  permanent  magnets  for  magnetic  dampers 
of  meters.     There  was  but  little  information  to  be  had  on  the 
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subject,  either  as  to  the  nature  of  the  steel  to  be  used  for  the  best 
results,  or  the  methods  of  treatment,  hardening,  tempering,  or 
the  like  to  be  employed. 

This  led  to  the  carrying  on  through  several  years  of  thousands 
of  experiments,  and  the  development  of  methods  of  rapid  meas- 
urement of  the  flux  between  the  poles  of  the  magnets,  as  well  as 
methods  of  heating,  forming,  hardening,  tempering,  seasoning 
and  testing  for  permanence.  Very  many  analyses  of  different 
steels  were  also  made,  with  the  obiect  of  discoverinfi:  the  effect  of 
the  differing  proportions  of  carbon,  tungsten,  silicon,  etc.  I 
notice  that  Dr.  Guthe  has  not  included  a  ring  of  tungsten  steel 
now  almost  universally  used  for  magnets,  among  those  subjected 
to  test.  In  our  work  we  soon  found  that  no  steels  without 
tungsten  gave  suc;h  relatively  high  induction  together  with  other 
desirable  qualities,  as  steel  containing  two  to  three  per  cent,  of 
tungsten.  Amounts  up  to  four  or  live  per  cent,  of  tungsten 
gave  no  advantage,  while  with  less  than  aoout  two  per  cent,  the 
induction  fell  off  and  the  metal  approached  ordinary  steels  in 
m^netic  qualities. 

U  was  found  that  the  treatment  recommended  by  Bams  and 
Strouhal  for  seasoning,  and  referred  to  by  Dr.  Guthe,  was  not 
t^ufficient  to  ensure  pennanency  even  where  the  form  of  the 
magnet  was,  as  in  our  meter  magnets,  quite  favorable  to  reten- 
tion of  magnetism. 

The  effect  of  heating  to  100^  0.  for  several  hours,  caused  a  loss 
or  diminution  of  flux  which  varied  with  the  composition  and 
prior  treatment  of  the  steel.  Extending  the  time  ot  the  heating 
to  twenty-four  hours  or  more,  gave  scarcely  more  effect  than  an 
hour  or  two.  The  object  was,  of  course,  to  reduce  the  flux  to 
that  amount  which  the  steel  would  retain  permanently.  In  the 
course  of  this  work  it  was  determined  that  repetitions  of  the 
heating  to  100®  C.  after  cooling  would  cause  a  further  loss  of 
magnetism,  but  at  each  repetition  the  percentage  became  less  so 
that  there  was  at  last  no  discoverable  change.  A  magnet  so 
treated  is  practically  permanent  at  ordinary  temperatures. 
Whether  the  effect  obtained  is  due  to  the  removal  of  that  portion 
of  the  flux  which  may  be  considered  as  unstable  or  to  a  magnetic 
hardening  was  unknown,  but  it  would  appear  from  Dr.  Guthe's 
paper  that  both  effects  may  have  been  produced,  assuming  that 
tungsten  steel  behaves  in  the  same  ways  as  that  of  the  rings  tested 
by  him. 

We  developed  a  process  of  seasoning  magnets  which  consisted 
in  subjecting  them  after  hardening  and  magnetizing  to  successive 
immersions  in  boiling  water  and  in  cold  water  at  intervals  of  a 
few  minutes;  a  treatment  carried  on  for  a  sufficient  length  of 
time  to  ensure  stability  of  the  flux  density  in  the  air-gap  between 
the  poles. 

Certain  facts  alluded  to  in  Dr.  Guthe's  paper  have  been  known 
to  us  for  a  long  time,  and  were  developed  in  our  practice.     At 


88  Q  UTHE  ON  MA  QNRTIZA  TION.  [Mar.  24, 

one  time  we  arranged  to  temper  our  magnets  after  hardening^  by 
heating  them  to  temperatures  just  short  of  those  giving  the  bhie 
oxide  coat.  This  was  found  to  be  a  matter  of  difficulty  in  prac- 
tice on  the  large  scale,  though  it  undoubtedly  increased  the 
induction.  It  was  preferred  to  obtain  a  similar  result  by  care- 
fully excluding  steels  with  too  high  a  percentage  of  carbon,  and 
by  hardening  the  magnets  by  care  in  selecting  the  proper  harden- 
ing temperature.  Thus  in  fact  the  same  principle  was  developed 
in  our  work  as  is  alluded  to  by  Dr.  Guthe,  namely,  that  too  high 
temperatures  of  hardening  give  weaker  magnets  or  those  in 
which  the  steel  is  magnetically  as  well  as  mechanically  harder 
and  of  too  low  magnetic  susceptibility.  It  was  in  fact  found 
that  the  desired  flux  could  not  be  retained  by  such  overheated 
steel  when  magnetized. 

I  think  that  the  fact  that  with  ordinary  steels  the  strongest 
magnets  are  produced  when  the  hardened  steel  has  been  heated 
to  a  blue,  is  well  known,  and  has  been  practiced  for  a  very  long 
time  by  magnet  makers.  The  magnets  of  the  old  magneto  ma- 
chines were  nearly  always  blued.  It  has  been  my  practice  also 
for  fifteen  to  twenty  years  to  adopt  a  similar  process  in  dealing 
with  ordinary  steel.  After  hardening,  the  brightened  steel  was 
carefully  heated  by  a  blow- pipe  until  the  middle  or  neutral  region 
of  the  magnet  (bar  or  horseshoe)  was  blued,  while  the  poles  were 
kept  of  straw  color,  the  one  color  fading  into  the  other  along  the 
bar.  A  strong  magnet  is  thus  made  and  one  which  is  relatively 
permanent. 

The  point  made  by  Dr.  Guthe  that  there  is  a  proper  tempera- 
ture for  annealing  iron  or  mild  steel  in  order  to  secure  the  great- 
est freedom  from  hysteretic  loss  has  also  been  found  to  be  the 
case  in  our  practice  with  iron  and  steel.  The  range  of  tempera- 
ture for  the  best  effect  is  found  not  to  be  a  wide  one.  Here 
again  there  is  a  widely  known  mechanical  fact  which  bears  upon 
the  point  under  consideration.  It  is  this,  that  some  steels  heated 
to  tnat  temperature  which  just  fails  to  harden  them,  are  on 
quenching  made  very  soft.  Ine  range  of  temperature  is  narrow, 
but  evidently  has  the  bearing  upon  the  recalescence  temperature 
pointed  out  by  Dr.  Guthe.  This  may  l)e  observed  by  heating  to 
redness  one  end  of  a  bar  and  quenching  it,  when  it  will  be  found 
that  just  back  of  the  hardened  end  is  a  very  soft  portion ;  notice- 
ably so.  It  would  appear  probable  that  whatever  softens  the 
metal  mechanically  may  have  a  similar  effect  magnetically. 

It  would  take  more  time  than  is  at  my  disposal  to  touch  upon 
the  many  other  interesting  points  brought  out  by  Dr.  Guthe's 
paper.  I  have  alluded  above  to  some  of  tlie  more  practical  points 
useful  to  the  constructor. 
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[oOBOfUKICATBD  AFTEK  ADJOURNMENT,  BV  J.  STANFORD  BROWN.] 

This  paper  is  very  interesting.  The  chemical  composition  of 
steel  for  magnets,  however,  is  perhaps  of  more  practical  import- 
ance than  mi^ht  be  inferred  from  the  paper,  or  even  from  the 
remarks  added  by  Prof.  Thomson. 

The  use  to  which  magnets  are  put  largely,  or  you  may  say 
entirely,  determines  the  required  chemical  composition.  Steel 
for  permanent  magnets  will  be  entirely  different  from  that  for 
electro-magnets.  Magnets  made  to  sustain  a  load  are  satisfac* 
torily  made  from  a  steel  whicli  would  fail  utterly  for  the  con- 
trolling magnets  of  our  beautiful  Thomson  wattmeters,  and 
so  on. 

The  following  specification  for  magnet  steel  was  a  few  days 
since  submitted  to  the  writer  : — 

C.75;  Tr4.5  to  5.5;  P  .03  ;  aS'.02;  >&M0orle8s;  J/n  .12 
or  less. 

Such  steel  is  somewhat  diiSicult  to  make  and  is  consequently 
expensive,  retailing  at  40  cents  or  more  per  ^und,  according  to 
quantity.  The  specification  is  peculiarly  low  in  (7  for  the  amount 
of  W.  With  so  high  W  the  carbon  could  more  usually  run  from 
.95  to  1.05. 

A  highly  satisfactory  magnet  steel  for  certain  uses  runs  :  (7.65 ; 
Mn  .35 ;  W  2.95.  On  the  other  hand,  for  another  kind  of  mag- 
nets, C  .65  ;  Mn  .60 ;  TT  nil ;  Si  .25,  and  P  .065  is  supplied. 
Here  the  high  Si  is  noticeable.  Sometimes  crucible  steel  is 
used,  and  other  times  a  cheap  open  hearth  steel  seems  to  answer. 
The  electrical  companies  have  an  enormous  amount  of  data  and 
know  thoroughly  what  they  want,  but  unfortunately  they  still 
seem  to  regard  it  of  too  high  commercial  value  to  be  contributed 
to  the  advancement  of  science  and  their  competitors. 
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REPORT  OF  COMMITTEE  ON  UNITS  AND  STANDARDS. 


To  the  President  and  Council  of  the  American  Institute  of  Electrical  Engineers. 

(Gentlemen  : — 

Tour  Committee  on  Units  and  Standards  having  carefully  considered  the 
communications  which  you  have  referred  to  us,  recommend  : — 

let.  That  Hefner- Alteneck  Amyl- Acetate  Lamps  furnished  with  test  certi- 
ficates from  the  Physikalisch-Technische  Reichsanstalt  at  Charlottenburg,. 
Berlin,  should  be  temporarily  adopted  as  concrete  standards  of  luminous  inten- 
sity, or  candle  power. 

2nd.  That  in  measuring  the  mean  horizontal  luminous  intensity  or  candle 
power  of  an  incandescent  lamp,  a  Lummer-Brodhun  photometer  screen  be 
adopted,  and  that  the  incandescent  lamp  be  steadily  rotated  about  a  vertical 
axis  through  its  axis  of  figure  at  a  uniform  speed  of  approximately  two 
revolutions  per  second. 

Tour  Committee  believe  that  the  adoption  of  these  recommendations  would 
lead  in  practice  to  a  much  greater  degree  of  uniformity  in  results  of  measure- 
ment-8  of  the  candle  power  of  incandescent  lamps,  by  different  and  remote 
observers  than  is  now  usually  attainable. 

Although  incandescent  lamps  are  at  present  rated  by  their  horizontal  candle 
power,  yet,  since  the  onlv  true  criterion  of  the  total  quantity  of  light  emitted 
oy  a  lamp  is  its  mean  spnerical  candle-power,  we  recommend  that  the  rating  of 
lamps  should  be  based  upon  their  mean  spherical  candle-power  so  far  as  is  com- 
mercially practicable. 

Tours  respectfully, 

A.  E.  Kbnnellt,  Chairman. 

F.  B.  Crocker, 
W.  E.  Geyer, 

G.  A    Hamilton, 
January  19th,  1897.                                               W.   D.  Weaver. 
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West  Slst  Street,  and  was  called  to  order  by  Vice-President 
Steinmetz  at  8.15  p.  m. 

The  following  associate  members  were  elected  by  the  Executive 
Committee  April  28th. 
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Abbott,  Henry  President,    Galculagraph    Co.,    2  F.  A.  Pickernell. 
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residence,  Ruxton,  Md.                Hermann  S.  Hering. 
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Greenwood,  Fred.  A.      Secretary     California     Electric  W.  F.  C.  Ha&son. 

Works,    409   Market    St.,    San  Wynn  Meredith. 

Francisco,  Cal.  F.  F.  Barbour, 

HoAO,  Geo.  M.  City  Electrician,  City  of  Cleveland.  M.  C.  Canfield. 

116    City    Hall,    residence,    8  Chas.  W.  Wason. 

Dorchester  Ave.,  Cleveland,  0.  E.  P.  Roberts. 

Kammerer,  Jacob  A.     General  Agent,  The  Royal  Elec-  Fred.  A.  Bowman. 

trie  Co.,  Toronto,  residence,  97  A.  A.  Dion. 

Macdonell  Ave.,  Toronto,  Ont.  Robert  A.  Ross. 

LovEJOY,  D.  R.  Assistant  in  Electrical  Engineer-  F.  B.  Crocker. 

ing,  Columbia  University,  resi-  Wm.  A.  Anthony, 

dence,  222  East  49th  St..  New  Max  Osterberg. 
York.  N.  Y. 

Mather,  Euqene  Holmes    Superintendent  and  Electrical  Theo.  Stebbins. 

Engineer,    New    Haven    Street  Geo.  F.  Sever. 

Railway  Co.,  Exchange  Build-  Charles  Hewitt, 
ing,  New  Haven,  Conn. 

Ralston,  Louis  C.         Graduate  Student.  Cornell    Uni-  Fredk.  Bedell. 

versity,  1170  Madison  St.,  Oak-  Edw.  L.  Nichols, 

land,  Cal.  Harris  J.  Ryan. 
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Shaw.  Howard  Burton    Assistant    Professor    Electrical  E.  H.  Hall. 

En^neering,      Missouri     State  C.  A.  Adams. 

University,  Columbia,  Mo.  C.  L.  Cory. 

Wills,  Dana  Clbmmer    Assistant  in  Physics,  Columbia  M.  I.  Pupin. 

Universitv,   New     York,     resi-  P.  B.  Crocker, 

dence,  100  Willow  St.,  Brooklyn,  H.  C.  Parker. 
N.  Y. 

Total  11. 


TRANSFERRED  FROM   ASSOCIATE  TO   FULL  MEMBERSHIP. 


Approved  by  Board  of  Examiners,  March  10th,  1897. 

Humphrey,  Henry  H.       Consulting  Engineer,  St.  Louis,  Mo. 

Rice,  Calvin  Winsor,      Consulting  Electrical  Engineer,  Winchester,  Mass. 

Total  2. 

The  following  paper  on  "The  Synchronograph"  was  then  read 
by  Dr.  Albert  C.  Crehore  and  Lieut.  George  O.  Squier,  the  dis- 
cussion of  which  was  deferred  to  May  18th.  The  paper  was 
illustrated  with  lantern  slides.  The  paper  was  also  read  at 
Chicago  by  Dr.  Frederick  Bedell. 
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A  New  Method  of   Rapidly   TKANSMiTTiNa   Intelligence  by 

THE  Alternating  Current. 


BY  ALBERT  GUSHING  ORKHORE  AND  GEORGE  OWEN  8QUIER. 


In  a  general  view  of  the  technical  history  of  the  art  of 
telegraphy,  statistics  show  that  at  the  present  time,  more  than  fifty 
years  since  the  introduction  of  the  telegraph,  nine-tenths  of  the 
telegraph  business  of  the  world  is  transmitted  by  hand,  in  sub- 
stantially the  same  manner  as  then.  From  an  electrical  point  of 
view  one  naturally  asks  why  it  is,  that  during  this  period 
which  represents  more  electrical  progress  than  all  time  previous, 
the  rapid  transmission  of  intelligence  has  not  made  more  advance. 

It  is  to  experiments  upon  a  new  electrical  system  of  rapid  in- 
telligence transmission  and  its  possibilities,  that  your  attention  and 
consideration  are  invited.  It  is  not  intended  to  enter  into  a  dis- 
cussion here  of  the  physical  causes  which  have  limited  the  speed 
and  efficiency  of  the  telegraph,  but  to  acknowledge  the  great 
work  of  Wheatstone,  Hughes,  Edison,  Delany  and  others,  who 
have  brought  rapid  telegraphy  to  its  present  state  of  efficiency, 
and  proceed  to  an  explanation  of  the  principles  involved  in  the 
new  system,  and  an  account  of  the  experiments  already  carried 
out  in  developing  it.  These  experiments  were  conducted  at  the 
Electrical  laboratory  of  the  United  States  Artillery  School,  Fort 
Monroe,  Va.,  where  the  land  telegraph  and  telephone  lines  were 
available  for  the  actual  trials  described. 

Principles  of  the  Transmitter. 

It  is  difficult  to  treat  the  subject  of  transmitters  apart  from 
their  receivers,  as  any  particular  transmitter  should  be  considered 
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in  connection  with  the  liraitationB  of  its  receiving  instrument.  If 
we  could  have  a  receiver  sensitive  enough  to  make  a  distinct  and 
permanent  record  of  every  change  in  current  transmitted  over 
the  line,  provided  the  line  were  so  situated  as  to  be  free  from  the 
disturbing  influences  induced  by  external  causes,  it  would  be 
ideal ;  and  the  discussion  of  transmitters  would  be  simplified  by 
reducing  the  elements  to  the  line  and  transmitting  instrument 
alone.  The  qualities  of  receiving  instruments  include  two  princi- 
pal elements.  They  all  require  a  certain  amount  of  energy  to 
operate  them,  and  in  addition,  most  of  them  have  inertia  in  the 
moving  parts.  A  distinct  advance  is  made,  other  things  being 
equal,  in  the  receiver  which  dispenses  entirely  with  the  inertia  of 
moving  parts.  This  is  accomplished  by  electrolysis  in  the  chemi- 
cal receiver  of  Bain,  which  has  recently  reached  great  perfection 
in  the  hands  of  Mr.  Delany.  It  is  also  accomplished  in  the 
polarizing  receiver  which  was  used  in  experiments  described 
later. 

Transmitters  for  sending  intelligence  over  electrical  circuits  are, 
in  every  case,  instruments  which  operate  to  change  the  strength 
of  the  current  employed  in  the  line.  This  includes  the  tele- 
phone, in  which  the  current  is  a  succession  of  waves  differing 
not  only  in  the  frequency  with  which  they  occur,  corresponding 
to  the  pitch  of  the  tone,  and  in  the  amplitude  corresponding  to 
the  loudness,  but  also  as  to  the  shape  of  the  waves  corresponding 
to  the  timbre  or  quality.  The  human  ear  is  such  a  delicate  and 
wonderfully  constructed  receiver,  that  it  readily  translates  this 
complex  wave  into  intelligence.  If  a  physical  instrument  could 
be  found  which  would  write  out  in  visible  form  the  exact  shape 
of  these  telephone  waves  received,  the  eye  might  also  be  educated 
to  translate  them.  A  perfectly  trained  eye  could  detect  the  dif- 
ference between  the  same  words  spoken  by  different  individuals 
as  the  ear  now  does.  Even  though  the  waves  might  be  accurately 
reproduced,  the  simpler  the  waves  the  less  the  difficulty  of  trans- 
lating them. 

The  inherent  distinction  between  telephony  and  telegraphy  is 
mainly  that,  whereas  the  telephone  utilizes  both  the  frequency  of 
the  waves  and  their  form,  telegraphy  relies  entirely  upon  the 
duration,  number,  and  order  of  arrangement  of  these  waves,  and 
not  their  form.  The  art  of  telegraphy  is  practically  limited  in 
this  respect  to  three  elements,  or  their  combinations,  namely, 
varying  the  duration  of  the  waves  or  pulses,  the  direction  of  them. 
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their  order  of  arrangement,  or  the  different  combinations  of  these. 
Considering  these  elements  separately,  the  first  one,  using  waves 
of  different  duration  alone  for  each  character  upon  the  line  is 
not  at  present  used.  The  last  method,  a  combination  of  variable 
duration  and  order  of  arrangement  of  waves,  comprises  the  system 
of  Morse  and  others  so  universally  used,  and  includes  the  more 
rapid  system  of  machine  telegraphy  due  to  Wheatstone. 

There  are  reasons  why  any  system  using  waves  of  different 
duration  is  not  as  simple  as  one  which  uses  waves  of  equal  dura- 
tion, when  any  arrangement  of  make-and-break  transmitter,  using 
a  constant  source  of  electromotive  force  is  employed.  Some  of  the 
chief  of  these  are  found  in  the  electrical  properties  of  the  line  carry- 
ing the  currents.  The  difficulties  become  apparent  only  when  it 
is  attempted  to  send  these  waves  at  a  very  rapid  rate,  which  is 
desirable  in  machine  telegraphy.  The  current  requires  time  to 
become  established  at  the  receiving  end  of  the  line  after  the 
electromotive  force  is  introduced  at  the  sending  end.  The  current 
wave  which  is  sent  over  the  line  is  a  function  of  the  time  during 
which  the  electromotive  force  remains  applied  at  the  transmitter. 
There  is  evidently  a  practical  limit  to  the  shortness  of  the  time 
which  the  electromotive  force  must  remain  applied,  determined 
by  the  smallest  wave  which  the  receiver  is  capable  of  recording. 

Suppose  on  the  other  hand  that  the  electromotive  force  has  acted 
long  enough  for  the  current  at  the  receiver  to  reach  its  steady  value, 
and  then  the  circuit  is  suddenly  broken  at  the  transmitter.  A 
time  will  elapse  before  the  current  in  the  receiver  is  reduced  to 
zero.  This  case  is  not  as  simple  as  the  former,  because  the  man- 
ner in  which  the  break  is  made  must  be  considered.  A  slow 
break  is  different  from  a  rapid  one,  when  there  is  any  arc,  that  is, 
a  spark  formed.  The  whole  line  has  been  charged  to  the  limit 
of  the  electromotive  force  used,  and  must  become  sufficiently  dis- 
charged before  the  next  wave  can  be  received.  This  produces  the 
effect  commonly  known  as  '^  tailing  "  which  means  that  a  signal 
becomes  so  drawn  out  at  the  receiver  that  it  interferes  with  the 
following  signal. 

If  waves  of  equal  duration  are  used,  evidently  more  of  them 
may  be  received  in  a  given  time,  than  of  any  other  combination  of 
waves,  for  the  shortest  wave  may  be  used  which  will  operate  the 
receiver.  With  this  plan,  the  effect  of  **  tailing"  is  reduced. 
The  use  of  equal  waves  is  adopted  by  Mr.  Delany,  who  also  indi- 
cates by  the  chemical  receiver  the  directions,  whether  positive  or 
negative,  of  these  equal  waves. 
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The  alternating  current  is  at  present  snccessfuUj  employed  for 
transmitting  considerable  amounts  of  power  over  long  distances^ 
and  the  whole  system  is  periodically  subjected  to  a  regular  and 
uniform  succession  of  waves  rising  gradually  from  zero  to  a  maxi- 
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mum,  and  then  gradually  decreasing,  reversing,  and  increasing  to 
a  negative  maximum.  Recognizing  these  facts,  it  seemed  prob- 
able that  it  would  constitute  a  good  means  for  the  rapid  trans- 
mission of  intelligence,  if  the  characters  of  a  telegraphic  code 
could  be  impressed  upon  such  a  current  without  seriously  affecting 
its  regular  operation.  It  is  to  the  consideration  of  a  system  of 
rapid  transmission  of  intelligence  by  the  use  of  the  alternating 
current  that  we  invite  your  attention. 

Let  the  sine  curve,  Fig.  1,  represent  a  regular  succession  of 
simple  harmonic  current  waves  given  to  the  line  by  an  alternating 
current  generator.  If  the  current  passes  through  a  key  which 
may  be  opened  or  closed  at  pleasure,  then,  provided  the  key 
previously  closed  is  opened  at  a  time  corresponding  to  the  point 
p  of  the  wave  upon  the  horizontal  axis,  it  is  known  that  the  cur- 
rent which  was  zero  at  the  instant  the  key  was  opened,  will  remain 
zero  thereafter,  in  circuits  which  have  resistance  and  inductance 
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alone.  Again,  if  the  key  could  be  closed  exactly  at  a  time  corres- 
ponding to  the  point  q  on  the  curve  also  upon  the  axis,  the  current 
will  resume  its  flow  undisturbed  according  to  the  sine  curve.  The 
true  current  obtained  by  opening  the  key  at  p  and  closing  it  at  q 
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is  shown  in  Fig.  2,  where  the  current  remains  zero  between  these 
two  points.  If  the  key  had  been  closed  at  any  other  point  than  q, 
as  at  B,  the  current  would  not  have  resumed  its  flow  according  to 
the  simple  sine  wave ;    but,  it  can  be  shown,  would  follow  the 
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heavy  curve  of  Fig.  3,  and  give  a  succession  of  waves  alternately 
smaller  and  larger  than  the  normal  sine  wave  until  after  a  very  few 
alternations,  when  it  practically  coincides  with  the  sine  wave.  In 
like  manner  if  the  key  is  opened  at  some  other  point  than  p,  when 
therefore  the  current  is  not  zero,  a  spark  may  be  observed  at  the 
break,  and  it  requires  time  for  the  current  to  fall  to  zero. 

Let  us  consider  the  advantages  of  thus  operating  upon  an  alter- 
nating current.  It  is  evident  that  the  advantages  above  men- 
tioned of  using  a  system  subjected  to  a  perfectly  regular  alterna- 
ting electromotive  force,  and  capable  if  necessary  of  transmitting 
considerable  amounts  of  power,  is  by  this  method  made  available. 
In  addition,  no  spark  is  made  in  a  transmitter  adjusted  to  break 
the  circuit  at  the  exact  times  indicated  by  the  curve  above,  when 
the  current  is  naturally  zero.  This  makes  it  possible,  if  it  is  found 
desirable,  to  use  comparatively  large  electromotive  forces  and 
currents  on  the  line,  for  no  matter  what  the  maximum  value  of 
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the  current,  it  is  made  and  broken  by  this  plan  with  no  sparking. 
It  is  also  possible  to  employ  waves  of  high  frequency  upon  the 
line,  the  upper  limit  obtainable  from  an  alternator  being  probably 
much  higher  than  can  be  transmitted  over  the  line. 
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If  a  receiver  were  used  which  could  reproduce  an  exact  trace 
of  the  actual  waves  sent  over  the  line,  it  might  resemble  such  a 
combination  as  that  represented  by  the  heavy  curve  in  Fig.  4. 
The  sine  wave  continues  uninterrupted  to  the  point  p  when  the 
key  is  opened,  and  it  is  held  open  for  one  complete  wave-length 
p  Q,  when  it  is  again  closed  for  a  wave-length  q  r  ;  then  opened 
for  one-half  a  wave-length  bs;  closed  for  a  wave-length  st; 
opened  for  a  wave-length  t  u  ;  closed  for  half  a  wave-length  u  v ; 
opened  for  half  a  wave-length  v  w  and  finally  closed.  By  this  plan 
it  is  possible  to  use  the  ordinary  Continental  code  in  telegraphy, 
a  dash  being  indicated  when  two  successive  waves,  a  positive  and 
a  negative  one,  are  omitted  by  keeping  the  key  open,  and  a  dot 
meaning  where  a  single  half-wave  is  omitted.  The  space  between 
parts  of  a  letter,  as  between  the  dash  and  dot  of  the  letter  '^n" 
is  indicated  by  the  presence  of  one-half  a  wave-length,  and  the 
space  between  letters,  as  between  "  t "  and  "  e  "  in  the  word  "  ten," 
by  the  presence  of  two  half-waves,  while  the  space  between 
words  may  be  represented  by  the  presence  of  three  half-waves, 
and  between  sentences  of  four  half-waves  or  more.  The  above 
is  a  single  example,  of  which  there  are  many,  of  a  method  by 
which  the  usefulness  of  so  operating  upon  an  alternating  current 
is  made  apparent,  because  it  shows  how  these  signals  may  be  in- 
terpreted by  a  fixed  code.  It  need  not  be  said  that  there  are 
other  ways  easily  devised  of  interpreting  the  possible  combina- 
tions of  waves  which  may  be  sent  in  accordance  with  any  code, 
and  it  is  not  our  present  object  to  present  a  method  which  is 
deemed  superior  to  others,  but  merely  to  show  that  the  above 
plan  becomes  operative. 

A  consideration  of  the  time  required  to  send  the  word  "ten"  by 
the  above  plan  shows  that  it  corresponds  to  the  time  of  eleven 
half-waves  of  current.  If  we  suppose  that  the  frequency  is  an 
ordinary  one  used  in  alternating  current  work,  viz.,  140  complete 
waves  per  second,  the  time  required  to  send  the  word  "  ten"  is  .0394 
of  a  second,  or,  by  allowing  three  additional  half-waves  for  the 
Bpace  between  the  words,  the  word  "  ten"  would  be  sent  just  1200 
times  in  one  minute.  There  is  no  difliculty  in  using  over  some 
lines,  a  frequency  four  times  as  great  as  that  ordinarily  used, 
namely,  as  high  as  560  or  even  600  periods  per  second.  This 
would  correspond  to  speeds  of  4800  and  5143  times  sending  the 
word  "  ten"  per  minute.  The  limit  in  each  instance  is  only  deter- 
mined by  the  particular  line  used. 
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Hitherto  it  has  not  been  pointed  out  how  it  is  possible  to  man- 
ipulate a  key  at  the  high  speed  mentioned,  so  as  to  open  and  close 
the  circuit  hundreds  of  times  per  second  as  desired  at  the  exact 
instants  when  the  current  is  naturally  zero.  Evidently  the  proper 
place  to  manipulate  such  a  current  controller  where  the  circuit 
must  be  made  and  broken  at  distinct  points  of  phase,  is  at  the 
generator  itself,  or  in  connection  with  any  motor  running  syn- 
chronously therewith. 

It  will  be  sufficient  for  purposes  of  illustration  to  show  by  a 
special  example  how  any  single  half-wave  may  thus  be  controlled 
at  the  generator;  for  obviously  any  word  or  sentence  may  be 
formed  by  a  repetition  of  this  operation. 

In  Fig.  5,  s  represents  the  shaft  of  an  ordinary  10-pole  alterna- 
ting current  generator  which  drives  through  the  gears  m  and  n, 
the  wheel  w.     The  circumference  of  this  wheel  is  one  continuous 
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•conductor  presenting  a  smooth  surface  for  brushes  to  bear  upon. 
If  the  periphery  of  the  wheel  is  divided  for  example  into  40 
equal  parts,  and  it  is  geared  to  run  at  one-fourth  the  speed  of 
the  armature,  each  division  thereof  corresponds  to  one  semicycle 
of  the  electromotive  force  produced  by  the  generator.  Upon  the 
wheel  w  bear  two  brushes  a  and  b  carried  by  a  brush-holder  which 
is  capable  of  adjustment.  These  two  brushes  are  connected  in 
series  with  the  line,  so  that  the  current  which  passes  in  at  one 
brush,  is  conducted  through  the  wheel  to  the  other  brush,  and 
thence  to  the  line.  The  current  used  may  be  obtained  from  the 
generator,  the  shaft  of  which  is  represented  at  s,  either  before  or 
after  it  has  passed  through  any  number  of  transformers,  since  it 
is  the  frequency  alone  with  which  we  are  concerned. 

The  line  current  is  brought  to  the  wheel  w  to  be  synchronously 
operated  upon.  If  both  brushes  remain  continually  in  contact 
with  the  wheel,  the  current  transmitted  would  have  the  regular 
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sine  form  represented  in  Fig.  1,  and  for  each  revolation  of  the 
wheel  there  would  be  40  semi-waves  or  20  complete  waves  trans- 
mitted. If  one-fortieth  of  the  circumference  of  the  wheel  is 
covered  by  paper  or  other  iiisulating  material  as  indicated  at  i 
Fig.  5,  and  the  brash  a  adjusted  to  ride  on  to  and  off  from  this 
insulation  just  as  the  current  is  changing  from  one  semicycle  to 
the  next,  that  is,  changing  sign,  while  the  brush  b  is  in  continuous 
engagement  with  the  wheel,  the  semicycle  represented  by  the 
section  covered  will  be  suppressed,  and  without  any  sparking, 
even  if  the  potential  used  is  high.  In  practice,  the  brush  a  is 
easily  adjusted  to  this  point  by  moving  it  slightly,  backward  or 
forward  around  the  circumference  of  the  wheel  until  the  sparking 
ceases.  This  adjustment  once  made,  the  brush  is  fixed  in  position 
and  so  remains.  In  each  succeeding  revolution  of  the  wheel,  this 
cycle  of  operations  is  exactly  repeated,  and  the  current  sent  over 
the  line  would  resemble  that  shown  in  Fig.  2,  having  every  for- 
tieth semicycle  omitted.  It  is  only  necessary  to  cover  other 
similar  sections  of  the  circumference  of  the  wheel  in  a  predeter- 
mined order  according  to  a  code,  to  transmit  intelligence  over  the 
line.  The  above  illustration  of  the  operation  of  a  transmitter  on 
this  principle  is  given  for  simplicity  only,  and  is  evidently  far 
from  a  practical  form  of  transmitter. 

The  wheel  w  in  the  above  example,  may  have  different  speeds 
with  respect  to  the  generator  shaft,  the  essential  condition  being 
that  its  circumference  shall  contain  some  integer  number  of  a  unit, 
which  is  the  arc  upon  the  circumference  of  the  wheel  if  geared  to 
the  armature,  that  a  point  fixed  with  respect  to  the  field  would 
describe  upon  it  during  one  semi-period  of  the  current.  This 
wheel  therefore  might  be  connected  to  any  shaft  which  runs  in 
synchronism  with  that  of  the  generator,  as  for  instance  that  of  a 
synchronous  motor  if  the  power  were  obtained  from  a  distance. 

Instead  of  using  insulating  papers  situated  upon  a  single  cir- 
cumference of  the  wheel,  two  or  more  similar  lines  may  be  used 
either  upon  different  circumferences  of  the  same  wheel  or  upon 
different  wheels,  and  separate  brushes  ride  upon  the  different 
circumferences.  The  same  frequencies  of  current  may  be  em- 
ployed to  operate  all  lines  of  brushes,  or  currents  having  different 
friequencies  may  be  employed  upon  the  separate  circuits,  all  of 
which  use  the  same  line  for  transmission.  These  arrangements 
make  it  possible  either  to  send  different  messages  simultaneously 
over  the  same  line  employing  a  single  cycle  as  the  unit,  or  to  send 
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a  message  employing  different  frequencies  to  represent  the  dif- 
ferent characters  of  a  code,  or  many  combinations  of  these. 

The  employment  of  alternating  waves  of  different  frequencies 
upon  the  same  line  by  the  method  shown,*  does  not  have  the  same 
objections  which  exist  when  a  constant  electromotive  force  is  used. 
Since  the  circuit  is  by  this  system  always  interrupted  when  the 
current  is  naturally  zero,  the  frequency  employed  is  within  certain 
limits  a  matter  of  indifference  as  the  line  is  in  the  same  condition 
whether  a  long  or  a  short  wave  is  used. 

It  is  seen  that  by  this  simple  method  of  operating  upon  the 
alternating  current,  according  to  the  above  principles,  there  is 
complete  control  of  the  individual  semi-waves  of  the  current, 
which  may  be  changing  direction  thousands  of  times  in  a  second, 
far  beyond  the  range  of  possible  manipulation  by  hand.  In  other 
words  it  is  easy  to  obtain  a  record  of  any  pre-selected  order  or 
succession  of  semi-waves  desired.  It  is  evident  that  it  is  as  im- 
portant to  be  able  to  control  the  semi- waves  retained,  as  it  is  those 
suppressed,  since  they  are  of  equal  value  in  interpretation. 
Furthermore  there  is  great  utility  in  being  able  to  control  each 
single  semi-wa/oe  of  the  current,  for  this  permits  the  maximum 
speed  of  transmission  of  signals  with  a  given  frequency. 

A  transmitter  which  operates  upon  the  current  at  intervals 
comparable  with  the  duration  of  a  semi-wave,  but  which  does  not 
act  in  synchronism  with  the  current,  would  necessarily  make 
and  break  the  circuit  at  times  when  the  current  is  not  naturally 
zero.  If  this  were  done  there  would  not  only  be  sparking,  but 
in  addition,  the  current  would  be  interfered  with  in  such  a 
manner  as  to  make  it  probable  that  the  record  received  could 
not  be  interpreted;  for  the  current  at  each  make  would  follow 
euch  a  curve  as  that  shown  in  Fig.  3. 

Principles  of  Reobivebs. 

As  used  throughout  this  paper,  the  term  "receiver"  will  be 
understood  to  mean  that  mechanism  which  uses  the  energy  trans- 
mitted over  an  electric  circuit,  and  transforms  it  so  as  to  make  a 
permanent  record  which  may  be  translated  into  intelligence. 
The  term  receiver  is  here  restricted  to  mean  instruments  which 
make  a  permanent  record,  since  this  is  a  necessary  condition  for 
the  rapid  transmission  of  intelligence,  with  which  we  are  at 
present  conemned.      All  receivers  require  a  certain  amount  of 
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power  to  operate  them,  and  the  power  required  affords  one  basis 
for  their  classification. 

Another  method  divides  receivers  into  two  classes,  those  which 
have  inertia  in  the  mo'ving  parts  and  those  which  have  none- 
There  is  no  fundamental  reason  why  any  one  of  these  general 
classes  should  contain  all  of  the  most  rapid  receivers.  Any  of  the 
above  classes  might  include  receivers  which  are  very  rapid.  If, 
for  instance,  a  receiver  has  inertia  in  the  moving  parts,  for  rapidity 
the  amount  of  inertia  should  be  small,  and  its  natural  period  high, 
or  a  large  amount  of  energy  would  be  required  to  operate  it.  If 
a  receiver  has  no  inertia  in  the  recording  mechanism,  then  the 
possible  rapidity  is  limited  by  the  power  supplied. 

In  deciding  upon  the  relative  merits  of  receivers  from  the  point 
of  view  of  rapidity,  the  cost  of  the  power  required  offers  no  reason 
why  considerable  amounts  of  power  should  not  be  transmitted 
over  certain  land  lines  for  purposes  of  telegraphy.  Using  a 
receiver  which  possesses  much  inertia  in  its  moving  parts,  it  does 
not  follow  that  even  though  considerable  energy  reaches  the  recei- 
ver over  the  line,  that  it  will  be  rapid  in  its  action. 

The  Wheatstone  receiver  may  be  taken  as  representative  of  a 
type  of  receivers  possessing  inertia  in  the  moving  parts,  which 
has  come  into  successful  operation.  The  record  is  made  in  this 
instrument  by  a  small  wheel  which  vibrates  back  and  forth 
between  an  ink  surface  and  the  recording  tape.  The  energy  which 
is  essential,  is  that  required  to  move  this  little  wheel  and  the  parts 
connected  with  it  back  and  forth.  Although  considerable  energy 
may  possibly  be  sent  over  the  line  and  be  expended  in  the  instru- 
ment, it  seems  impossible  to  concentrate  more  than  a  certain  part 
of  it  upon  the  moving  mechanism.  This  suggests  two  methods  of 
improving  the  speed  of  the  system ;  either  to  increase  the  power 
received  by  the  moving  parts,  or  diminish  their  moment  of  inertia. 
One  factor  which  limits  the  Wheatstone  type  of  receiver  is  that 
the  moving  parts  are  required  to  do  the  work  of  making  the 
record.  This  is  not  a  necessity,  since  light  may  be  employed  as 
the  agent  to  make  the  record  under  the  control  of  the  moving 
parts,  as  is  evidently  accomplished  in  a  form  of  galvanometer 
having  a  very  minute  needle  with  mirror  attached,  the  slightest 
motion  of  which  is  greatly  magnified  by  the  reflected  beam  of 
light. 

As  a  type  of  instrument  having  no  inertia  in  the  recording 
mechanism,  may  be  mentioned  the  various  forms  of  chemical 
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receivers  acting  by  electrolysis.  This  type  of  receivers  possesses 
many  advantages,  perhaps  chief  among  which  is  the  fact  that  a 
large  part  of  the  energy  received  is  brought  directly  to  bear  upon 
making  the  record.  Another  feature  is  the  simplicity  of  the 
essential  mechanism  involved,  as  no  intermediate  steps  are  em- 
ployed after  the  impulse  is  received  from  the  line  before  the 
record  is  made.  These  qualities  alone  imply  rapidity,  and  this 
receiver  is  one  of  the  most  rapid  known.  The  limit  of  rapidity 
with  this  receiver  is  the  power  received  from  the  line.  If  the 
potential  between  the  terminals  of  the  receiver  is  increased,  the 
time  required  to  make  a  given  record  is  correspondingly  reduced. 
The  use  of  the  alternating  current  permits  of  greater  potentials 
being  realized  in  the  receiver  with  less  disturbing  influence  from 
the  line  than  would  be  the  case  if  a  constant  direct  electromotive 
force  was  employed. 

A  new  type  of  receiver  having  no  inertia  in  the  recording 
mechanism  was  used  in  developing  the  transmitter  described  in 
these  experiments.  This  instrument  has  already  proved  of  value 
as  a  chronograph  for  the  measurement  of  minute  intervals  of  time, 
and  for  the  study  of  any  kind  of  variable  electric  currents. 
Although  its  application  as  a  practical  telegraph  receiver  is  not  at 
present  advocated,  yet  the  realization  of  a  inassless  receiver  upon 
diiferent  lines  merits  description.  This  receiver  is  based  upon 
Faraday's  discovery  of  a  direct  relation  between  light  and 
electricity. 

This  discovery  was,  that  if  a  beam  of  polarized  light  is  passed 
through  some  substance  in  the  direction  of  the  lines  of  magneti- 
zation within  that  substance,  there  is  a  rotation  of  the  plane  of 
polarisation  in  a  direction  which  is  the  same  as  the  direction  of 
the  current  required  to  produce  such  a  magnetic  field.  The 
direction  of  rotation  is  unaltered,  therefore,  whether  the  light 
beam  advances  in  the  same  or  in  the  opposite  direction  to  the 
magnetization,  so  that  a  beam  reflected  back  and  forth  through  the 
substance  several  times,  has  its  rotation  increased  by  equal  amounts 
each  time.  If  the  direction  of  the  ray  of  light  is  at  right  angles 
to  the  lines  of  magnetization,  there  is  no  rotation  produced.  The 
amount  of  this  rotation  has  been  investigated  by  Verdet,  who  an- 
nounced laws  by  which  it  may  be  expressed.  They  are  summed 
up  in  the  following  statement : 

^'  The  rotation  of  the  plane  of  polarization  for  monochromatic 
^'  light  is  in  any  given  substance  proportional  to  the  difference  in 
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^'  magnetic  potential  between  the  points  of  entrance  and  emergence 
'^  of  the  ray" ;  that  is,  it  is  equal  to  a  constant  times  this  difference 
of  potential  and  is  expressed  by  the  formula 

where  d  =  angle  of  rotation,  F  =  difference  in  magnetic  poten- 
tial, and  V  for  a  given  wave-length  is  constant  in  any  one  sub- 
stance and  is  known  as  Yerdet's  constant. 

The  following  example  will  make  more  evident  the  application 
of  Faraday's  discovery  to  this  receiver.  Admit  a  beam  of  ordi- 
nary light  through  a  small  aperture  into  a  dark  room  and  let  it 
fall  upon  a  white  screen.  Suppose  that  the  aperture  which  admits 
the  beam  is  provided  with  a  shutter  which  may  be  opened  or  closed 
at  will.  We  have  in  this  simple  arrangement  all  the  essentials  of 
a  transmitter  and  receiver  of  intelligence.  A  person  opening  and 
closing  the  shutter  might  communicate  with  a  second  person  ob- 
serving the  screen,  which  would  become  light  and  dark  at  inter- 
vals in  accordance  with  a  pre-arranged  code.  Substitute  for  the 
first  person  in  direct  control  of  the  shutter  an  electromagnetic 
device,  operated  from  any  desired  distance  through  an  electric 
circuit,  and  the  effect  upon  the  screen  is  the  same  as  before.  For 
rapid  transmission  it  would  be  necessary  to  substitute  a  mechanical 
transmitter  which  would  operate  faster  than  a  person  can  send  by 
hand.  There  would  be  no  particular  difficulty  in  thus  moving 
the  shutter  more  rapidly  than  any  observer  could  read  from  the 
screen.  It  then  becomes  necessary  to  make  a  permanent  record, 
which  may  be  accomplished  by  substituting  for  the  screen  a  self- 
recording  surface  having  a  relative  motion  across  the  beam.  This 
is  afforded  by  using  any  surface  sufficiently  sensitive  to  light, 
many  varieties  of  which  are  available.  In  fact  a  surface  is  avail- 
able which  is  so  sensitive  that  it  will  record  much  faster  than  the 
material  shutter  can  be  moved  back  and  forth  so  as  to  open  and 
close  the  aperture. 

The  next  step  in  increasing  the  speed,  provided  the  limits  of 
the  transmitter  have  not  already  been  reached,  is  to  secure  a  more 
rapid  shutter.  It  was  with  this  object  in  view,  to  obtain  a  mass- 
less  shutter  that  Faraday's  discovery  is  used.  Instead  of  passing 
the  light  directly  through  the  aperture,  it  is  first  passed  through 
a  Nicol  prism  in  order  to  obtain  a  beam  of  plane  polarized  light, 
or  it  may  be  polarized  in  any  other  suitable  manner.  Suppose 
that  a  second  Nicol  prism  like  the  first  is  placed  in  the  path  of 
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the  polarized  beam.  If  the  second  prism  known  as  the  ^^analjrzer" 
is  turned  so  that  its  plane  is  perpendicalar  to  that  of  the  first  prism 
known  as  the  ''polarizer,"  all  the  vibrations  not  sorted  out  by  the 
polarizer  will  be  by  the  analyzer.  In  this  position  when  the  planes 
are  perpendicular  to  each  other,  the  prisms  are  said  to  be  ''crossed." 
and  an  observer  looking  through  the  analyzer  finds  the  light 
totally  extinguished  as  though  a  shutter  interrupted  the  beam.  By 
turning  the  analyzer  ever  so  little  from  the  crossed  position,  light 
passes  through  it,  and  its  intensity  increases  until  the  planes  of 
the  prisms  are  parallel,  and  if  one  of  the  prisms  is  rotated,  there 
will  be  darkness  twice  every  revolution.  In  order  to  accomplish 
the  same  end  that  is  obtained  by  rotating  the  analyzer  without 
actually  doing  so,4he  following  plan  is  adopted :  Between  the 
polarizer  and  the  analyzer  is  placed  a  transparent  medium  which 
can  rotate  the  plane  of  polarization  of  the  light,  subject  to  the 
control  of  an  electric  current,  without  moving  any  material  thing. 
The  medium  used  in  this  receiver  is  liquid  carbon  bisulphide  con- 
tained in  a  glass  tube  with  plane  glass  ends.  There  are  many 
other  substances  which  will  answer  the  purpose,  some  better  than 
others.  This  was  selected  because  it  is  very  clear  and  colorless, 
and  possesses  the  necessary  rotatory  property  to  a  considerable  ex- 
tent. It  only  possesses  this  property,  however,  when  situated  in 
a  magnetic  field  of  force,  and  the  rotatory  power  is  proportional 
to  the  intensity  of  the  magnetic  field.  To  produce  a  magnetic 
field  in  the  carbon  bisulphide,  a  coil  of  wire  in  series  with  the  line 
from  the  transmitter  is  wound  around  the  glass  tube.  When  the 
current  ceases,  the  carbon  bisulphide  instantly  loses  its  rotatory 
power.  The  operation  is  as  follows :  First  the  polarizer  and 
analyzer  are  permanently  set  in  the  crossed  position,  so  that  no 
li^ht  emerges  from  the  analyzer.  A  current  is  sent  through  the 
coil  around  the  tube.  The  plane  of  polarization  is  immediately 
rotated.  This  is  equivalent  to  rotating  the  polarizer  through  a 
certain  angle,  and  hence  light  now  emerges  from  the  analyzer. 
Interrupt  the  current,  the  medium  loses  its  rotatory  power,  and 
there  is  again  complete  darkness.  The  arrangement  makes  an 
effectual  shutter  for  the  beam  without  moving  any  mass  of  matter. 
This  illustrates  how  Faraday's  discovery  may  be  utilized  to  re- 
place the  electromagnetic  shutter  in  the  above  example  by  a 
massless  shutter,  which  enables  the  current  waves  sent  over  the 
line  to  be  recorded  upon  the  sensitive  surface  without  moving 
any  material  thing.      An  advantage  of  this  receiver  is  that  the 
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speed  is  not  limited  by  the  receiver  but  only  by  the  natural 
properties  of  the  line  or  of  the  transmitter.  Used  in  connection 
with  the  transmitter  already  described,  the  real  limit  is  found  to 
be  in  the  line  itself. 

An  analysis  of  this  receiver  shows  that  the  energy  received 
over  the  line  is  not  used  directly  in  making  the  record,  but  the 
agent  which  makes  the  record  is  the  beam  of  light  which  derives 
its  energy  from  a  local  source.  The  energy  received  from  the 
line  merely  controls  this  local  energy  which  may  have  considerable 
power  behind  it.  This  controlling  phenomenon  is  one  of  the  few 
known  cases  where  electricity  acts  directly  upon  light.  The 
mechanism  by  which  this  action  is  effected  is  not  at  present  known, 
and  any  experimental  evidence  upon  it  would  increase  our  know- 
ledge of  the  connection  between  ether  and  ordinary  matter,  as 
well  as  the  constitution  of  matter  itself.  The  use  of  this  direct 
influence  of  electricity  on  ligiit  makes  the  speed  of  transmission 
through  the  receiver  comparable  with  the  velocities  of  these 
agents. 

Description  of  the  Transmitter  Used. 

In  these  experiments,  the  operation  upon  the  alternating  cur- 
rent according  to  the  principles  already  stated,  was  accomplished 
by  means  of  a  prepared  perforated  paper  tape,  which  was  caused 
to  move  by  the  generator  itself.  A  view  of  this  tape,  showing  a 
method  of  operating  upon  the  current  is  given  in  Fig.  6. 

The  line  current  is  brought  through  the  wires  ww  to  two 
brushes  bb'  not  shown  in  the  view,  held  by  the  adjustable  sup- 
port 8.  The  plan  of  the  brushes  is  shown  in  Fig.  7.  One  brush 
B  bears  upon  the  tape  from  above,  and  the  other  brush  b'  bears 
from  below  immediately  opposite  the  other  brush  so  that  they 
will  meet  through  the  perforations  in  the  transmitting  tape  t. 
When  the  brushes  meet  through  the  perforations  in  the  tape,  the 
line  circuit  is  closed,  and  when  paper  passes  between  them,  separa- 
ting the  brushes,  the  line  circuit  is  broken. 

It  is  so  arranged  that  the  brushes  pass  off  from,  and  on  to  the 
paper,  thus  making  and  breaking  the  circuit,  at  the  instant  cor- 
responding to  the  points  in  the  current  wave,  Fig.  1,  when  the 
alternating  current  is  naturally  zero.  The  tape  t  passes  over  a 
wheel  p  geared  to  the  generator  shaft,  so  that  for  one  revolution 
of  the  armature,  the  tape  advances  a  fixed  distance.     If  the  gen- 
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erator  has  ten  poles,  this  fixed  distance  on  the  tape  corresponds 
to  five  complete  waves  or  ten  alternations  or  semi-cycles  of  the 
generator  current.  One-tenth  of  this  fixed  distance  corresponds 
to  one  alternation  or  semi-cycle  of  the  current,  and  may  be  taken 
as  the  unit  of  distance  in  perforating  the  tape.  If  therefore  a 
hole  is  made  in  the  tape  equal  in  length  to  this  unit,  and  the 
brushes  b  and  b'  happen  to  pass  off  from  the  paper  so  as  to  meet 
through  the  hole  at  the  instant  the  current  is  naturally  zero,  then 
they  will  pass  on  to  the  paper  again,  breaking  the  circuit  at  the 
next  following  instant  when  the  current  is  also  naturally  zero, 
since  the  length  of  the  hole  corresponds  to  one  semi-cycle  of  the 
current. 

Suppose  that  a  succession  of  these  unit  holes  is  made,  the  tape 
between  the  holes  being  also  of  unit  length,  then  the  circuit  will 
be  made  and  broken  as  by  the  first  hole  at  the  points  of  zero  our- 
rent.  In  practice  it  would  probably  not  happen  that  the  brushes 
were  at  first  so  situated  as  to  pass  off  from  and  on  to  the  paper  at 
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the  instant  the  current  is  zero.  In  this  case  a  succession  of  sparks 
appears,  one  each  time  the  brushes  pass  on  to  the  tape,  and  by 
moving  the  brushes  along  the  tape  it  will  be  observed  that  this 
spark  either  increases  or  decreases  in  intensity,  according  to  the 
direction  moved  ;  but  at  regular  intervals,  equal  to  the  unit  men- 
tioned above,  it  disappears.  This  position  of  the  brushes 
for  no  sparking  is  easily  found  by  trial,  and  once  obtained  remains 
fixed.  By  this  simple  practical  operation  which  experience  shows 
requires  but  a  moment  to  accomplish,  the  essential  condition  of 
synchronously  operating  upon  the  current  in  the  manner  described 
is  secured.  The  brushes  once  adjusted  always  so  remain,  and 
since  there  is  no  sparking,  it  is  possible  to  use  high  electromotive 
forces  upon  the  line  without  injurious  effect  upon  the  brushes 
and  tape.  It  is  also  plain  that  this  method  of  operating  upon  the 
current  is  not  affected  by  the  speed  of  the  generator,  since  the 
transmitting  device  is  always  in  synchronism  with  the   generator, 
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whatever  the  speed.  The  speed  of  the  generator,  and  conse- 
quently the  rate  of  sending,  as  far  as  the  transmitter  is  concerned, 
can  be  varied  at  pleasure  between  wide  limits,  without  any  effect 
upon  the  synchronous  operation  described. 

An  example,  giving  the  data  from  an  early  experiment,  will 
illustrate  how  this  is  accomplished.  The  generator  was  a  Fort 
Wayne  10-pole  alternator  giving  a  potential  at  its  terminals  of 
1,000  volts.  This  was  transformed  to  about  300  volts,  being  con- 
venient to  handle,  and  sufficiently  high  for  the  purpose.  The  end 
of  the  shaft  s.  Fig.  6,  of  the  generator  carries  a  small  pinion, 
which  engages  the  gearing  g,  and  revolves  the  wheel  p  once  in 
every  18.4  revolutions  of  the  armature.  This  makes  the  y^  P*^^ 
of  the  circumference  of  the  wheel  p  correspond  to  one  semi-cy- 
cle of  the  current.  The  circumference  of  the  wheel  was  about 
100  cms.,  and  the  length  of  a  unit,  therefore,  y^^  of  this,  or 
.54  cms. 

For  convenience,  a  tape  made  of  ordinary  paper,  had  its  two 
ends  joined  so  as  to  make  a  continuous  belt,  which  made  it  pos- 
sible to  use  it  repeatedly.  The  tape  passed  from  the  large  wheel 
p  to  the  loose  pulley  q  mounted  upon  a  base-board  a,  and  under 
the  guiding  pulley  attached  to  the  support  s  which  controlled  the 
tape,  immediately  before  passing  the  brushes  b  b'. 

In  preparing  the  tape,  the  Continental  code  was  employed  as 
described,  the  omission  of  two  half-waves  meaning  a  dash,  and 
one  half-wave  a  dot.  Having  obtained  the  length  of  a  unit  on 
the  wheel,  the  tape  is  first  divided  into  these  equal  units,  and  then 
the  proper  units  are  cut  out  to  form  a  message.  The  units  which 
are  not  cut  out  form  the  dots  and  dashes.  To  use  a  continuous 
tape  it  is  necessary  for  its  length  to  be  some  exact  multiple  of  the 
unit,  in  order  that  it  may  start  on  the  second  revolution  exactly 
as  it  did  the  first. 

The  generator  current  of  high  potential  passed  directly  through 
the  primary  of  a  transformer,  and  the  secondary  was  used  as  the 
source  of  electromotive  force  for  the  line.  This  secondary  cir- 
cuit which  includes  the  line  was  brought  to  the  transmitter  to  be 
operated  upon  as  described. 

A  diagram  of  the  electric  circuits  as  employed  in  this  experi- 
ment is  shown  in  Fig.  8,  where  a  represents  the  alternator,  t  the 
transformer,  b  the  brush  bearing  upon  the  transmitting  wheel  w, 
and  L  the  line.  Another  diagram  illustrating  how  the  method 
may  be  used  with  currents  of  the  same  or  different  frequencies. 


Fio.  13.  Polarizing  Receiver  Becord.  >[e»Mige  Bent  at  Fort  Monroe, 
Vs..  Aug.  10,  l»9a,  fit  the  rate  of  about  1,200  wonts  per  minute. 
This  particular  mesNige  sent  in  one-hat[  it  second.  The  nninber 
lit   '■  dots  "  per  second  is  387,     ContintntHl  Code  is  uned. 
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IB  given  in  Fig.  9,  where  several  generators  Ai,  a^  a,,  etc.,  are  re- 
preeeoted  upon  the  same  shaft,  and  each  is  connected  to  a  separate 
bmsh  B|,  Bt,  B(,  etc.,  hearing  upon  the  wheels  w„  w^  Wt,  etc., 
Qpon  a  common  shaft  and  connected  to  the  line.  By  placing  the 
insnlating  papers  in  the  proper  positions  apon  the  wheels,  it 
becomes  possible  to  transmit  in  succession,  first  a  cnrrent  of  one 
frequency  and  then  of  another. 


If  any  error  is  made  in  laying  off  the  units  upon  the  tape,  or  if 
the  length  of  the  tape  changes  in  any  way  after  they  are  accurately 
laid  off,  theeffect  of  this  error  is  cumnlative  from  period  to  period, 
and  although  at  any  particular  time  the  tape  might  be  in  phase, 
sometime  later  it  would  not  be  so,  and  sparking  would  occur. 
This  would  also  l>e  the  case  if  there  were  any  slipping  of  the  tape 


Pio.  e. 


around  the  wheel  p.  To  overcome  these  difficulties  it  is  only 
necessary  to  have  holes  punched  at  regular  intervals  in  the  tape 
wliich  engage  in  pins  at  corresponding  intervals  on  a  wheel  made 
to  receive  it. 

A  simple  experimental  method  which  does  away  with  the 
necessity  of  making  pine  to  feed  the  tape,  is  to  glue  strips  of  tiiin 
paper,  seen  at  o,  Fig.  6,  having  lengths  corresponding  to  the  paper 
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intervals  of  the  tape,  that  is,  one  unit  for  a  dot  and  two  units  for 
a  dash,  upon  the  circumference  of  the  wheel  p,  which  has  a  smooth 
polished  metal  surface.  One  brush  is  continually  in  contact  with 
the  wheel,  and  the  other  rides  on  to  and  off  from  these  paper 
strips,  making  and  breaking  the  circuit  at  the  zero  phase  of  the 
current.  The  length  of  message  permitted,  is  limited  by  the 
number  of  units  in  the  circumference  of  the  wheel,  whicli  in  the 
example  taken  was  184. 

Instead  of  using  any  gearing,  as  in  the  example  given,  to  reduce 
the  speed  of  revolution  of  the  wheel  p,  the  tape  might  be  run 
directly  from  a  small  wheel  upon  the  armature  shaft.  The  unit 
on  this  small  wheel  is  one-tenth  of  its  circumference,  if  there  are 
ten  poles  to  the  generator,  so  that  any  message  sent  by  fastening 
papers  upon  this  wheel  would  be  limited  to  ten  semi-cycles.  If 
a  single  unit  of  this  small  wheel  is  covered  by  paper,  and  the 
brush  adjusted  for  no  sparking,  one  semi-cycle  in  every  ten  will 
be  omitted.  A  record  obtained  in  this  case  with  the  polarizing 
receiver  is  shown  in  the  circle  at  a,  Fig.  10,  in  which  each  light 
spot  corresponds  to  one  semi-cycle  of  current,  and  it  is  seen  that 
one  in  every  ten  is  omitted.  The  record  in  the  circle  b  of  the 
same  figure  was  obtained  by  using  two  units  of  paper  on  the  same 
wheel,  having  two  units  between  them,  and  shows  that  two  semi- 
cycles  are  omitted  in  every  ten. 

Records  obtained  by  the  use  of  paper  fastened  upon  the  large 
wheel  p.  Fig.  6,  are  shown  in  Fig.  11,  where  it  is  seen  that  the 
word  "telegraph"  was  transmitted.  A  record  obtained  by  the 
use  of  tape  is  shown  in  Fig.  12,  where  the  sentence  "one  wire 
will  do  work  of  ten"  was  transmitted  on  August  10,  1896.  This 
message  was  sent  at  the  rate  of  337  semi-cycles  of  current  per 
second,  thus  requiring  about  half  a  second  altogether. 

Since  the  speed  of  transmission  depends  upon  the  frequency  of 
the  alternating  current,  the  limit  of  speed  is  determined  by  the 
particular  alternator  used.  In  the  above  example  the  alternator 
available  was  designed  to  run  at  a  speed  of  about  16uO  revolutions 
of  the  armature  per  minute,  corresponding  to  a  frequency  of  133, 
or  266  alternations  per  second.  To  increase  the  speed  of  trans- 
mission, this  alternator  was  run  as  high  as  2400  revolutions  per 
minute,  beyond  which  it  was  thought  dangerous  to  go.  This 
corresponds  to  a  frequency  of  about  200  complete  cycles  or  400 
alternations  per  second.  Through  the  kindness  of  Dr.  M.  I. 
Pupin  of  Columbia  College,  a  special  high-frequency  alternator 
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was  loaned  for  the  purpose  of  testing  this  system  at  higher  speeds 
of  transmission.  This  alternator,  shown  in  Fig.  13,  is  in  fact  four 
alternators  upon  the  same  shaft,  having  18,  22,  26,  and  30  poles 
respectively.  To  obtain  the  highest  speed,  the  30-pole  machine 
was  used,  and  the  transmitting  wheel  geared  to  the  shaft  as  with 
the  ten  pole  alternator.  The  speed  of  armature  used  was  2180 
revolutions  per  minute,  corresponding  to  1090  semi-cycles  per 
second,  or  65,400  per  minute,  or  a  frequency  of  545.  No  diificulty 
was  experienced  in  sending  and  recording  messages  at  this  rapid 
rate  which  corresponds  to  between  three  and  four  thouf^and  words 
per  minute: 

The  Polarizing  Receiver. 

The  statment  of  the  general  principles  emploj"ed  in  this  receiver 
has  previously  been  given,  and  it  remains  to  describe  the  actual 
form.  This  instrument  was  designed  for  a  military  chronograph 
to  measure  the  velocity  of  projectiles,  and  is  known  as  the  Polar- 
izing Photo  Chronograph^    A  view  of  this  is  shown  in  Fig.  14. 

Without  giving  a  complete  description  of  the  instrument,  which 
may  be  found  in  the  reference  cited,  it  will  suffice  to  describe  its 
essential  elements.  A  sensitive  photographic  plate  12x12  inches 
square  is  carried  in  a  metal  plate  holder,  which  revolves  in  the 
wheel  w  driven  by  the  motor  m.  A  powerful  beam  of  light  from 
the  arc  lamp,  a,  situated  upon  an  inverted  x-rail,  o',  serving  as  an 
optical  bench,  is  condensed  by  the  lens  l,  and  passes  through  the 
polarizer  p,  a  Nicol  prism,  thence  through  the  glass  tube  t,  con- 
taining liquid  carbon  bisulphide,  and  surrounded  by  a  coil  of  wire, 
through  the  analyzer  a,  a  second  Nicol  prism.  The  light  received 
through  the  analyzer  is  finally  passed  through  a  second  lens  iJ  to 
focus  the  beam  upon  the  horizontal  radial-slit  in  front  of  the  mov- 
ing sensitive  plate.  In  its  operation,  the  analyzer  a  is  rotated 
until  the  light  is  completely  extinguished,  when  no  current  is  pass- 
ing around  the  tube  x.  The  coil  upon  the  tube  is  in  circuit  with 
the  line  from  the  transmitter,  and  the  closing  of  the  circuit  at  the 
transmitter  thus  sends  a  current  around  the  tube,  and  light  im- 
mediately appears  upon  the  camera  slit. '  This  is  accomplished  in- 
stantly upon  closing  the  circuit,  without  involving  the  motion  of 
any  material  thing.     Upon  breaking  the  circuit  the  light  imme- 

1.  "The  New  Polariziug  Photo-Chronograph/*  Crehore  and  Squier.  John 
Wiley  &  Sons,  New  York,  1897.    Chapman  and  Hall  Ltd.,  London. 
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diately  disappears,  and  by  obaerviDg  the  light  come  and  go,  it  is 
easy  to  read  with  the  eye  as  rapidly  as  can  be  sent  by  hand.  To 
produce  a  permanent  record  it  is  only  necessary  to  rotate  the  pho- 
tographic plate  in  the  wheel  w.  The  time  required  by  the  pho- 
tographic plate  to  make  a  clear  record,  depends  largely  upon  the 
intensity  of  the  light;  but  the  intensity  of  light  which  it  is  practic- 
able to  obtain  allows  the  time  of  exposure  to  be  much  shorter 
than  is  required  for  the  purpose  of  a  telegraph  receiver.  For  in- 
stance, suppose  the  width  of  slit  is  one  millimetre  at  a  distance 
of  150  millimetres  from  the  centre  of  revolution,  and  the  plate 
rotates  1000  times  per  minute,  the  velocity  of  a  point  on  the  plate 
is  1570.8  cms.  per  second,  and  the  exposure  is  therefore  about 
.000063  second ;  for  the  point  crosses  the  millimetre  slit  in  this 
time.  The  above  figures  are  those  actually  used  with  the  chrono- 
graph in  measuring  the  velocity  of  projectiles  inside  the  bore  of  a 
gun  and  the  records  obtained  are  perfectly  clear.  The  rapidity  of 
this  receiver  is  illustrated  by  stating  that  as  many  as  seven  ob- 
servations upon  a  projectile  inside  the  bore  of  a  U.  S.  3.2-inch 
breech-loading  field  rifle  have  been  recorded  in  the  first  57  centi- 
metres (1  foot  10^  inches)  of  its  travel,  and  observations  as  near 
together  as  3.8  cms.  (1^  inches)  have  been  obtained.  These  cor- 
respond in  time  to  intervals  less  than  a  thousandth  of  a  second, 
or  they  bear  about  the  same  relation  to  a  second,  as  a  second 
does  to  a  third  of  an  hour. 

In  chronography  as  applied  to  gunnery,  since  the  agent  which 
operates  upon  the  transmitter  circuit  is  the  projectile  itself  mak- 
ing and  breaking  the  circuit  by  passing  through  screens,  evidently 
if  the  screens  are  properly  placed  according  to  a  code,  a  message 
could  be  transmitted  to  the  receiver  by  a  projectile  in  its  flight. 

The  Chemical  Keoeiveb. 

In  a  practical  form  of  receiver,  it  is  an  advantage  to  have  the 
messages  received  in  such  form  that  they  are  ready  for  immediate 
use,  and  this  is  the  case  with  the  chemical  receiver  to  which 
reference  has  already  been  made. 

Through  the  kindness  of  Mr.  Delany,  some  of  the  sensitive 
paper  tape  used  in  his  system  of  machine  telegraphy  was  ob- 
tained for  experiments  with  the  synchronous  transmitter.  A 
simple  method  of  obtaining  records  of  currents  with  this  tape, 
which  is  certain  in  its  action  and  does  not  involve  any  special 
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apparatus,  is  to  place  the  tape  upon  a  smooth  metal  surface, 
which  serves  as  one  electrode,  and  to  draw  a  steel  needle,  serving 
as  the  other  electrode,  along  it  guided  by  the  straight  edge  of  a 
ruler.  If  a  direct  current  is  used,  no  record  appears  when  the 
current  is  in  one  direction,  and  it  does  appear  when  the  current 
is  reversed.  If  a  second  needle  is  substituted  for  the  plate  elec- 
trode, the  record  appears  on  one  side  of  the  tape  for  a  direct 
current  and  on  the  other  side  for  the  reversed  current. 

If  the  two  needle  electrodes  are  placed  side  by  side  upon  the 
tape,  a  record  will  appear  at  one  needle  for  a  direct  current,  and 
at  the  other  for  the  reversed  current.  Employing  the  alternating 
current  with  the  single  needle  and  plate  as  electrodes,  the  record 
shows  a  regular  succession  of  distinct  marks,  separated  from  each 
other  by  equal  intervals.  Each  mark  exhibits  an  intensity  vary- 
ing approximately  according  to  the  sine  curve.  Since  by  this 
arrangement  the  current  makes  its  record  in  one  direction  only, 
the  result  is  that  alternate  semi-cycles  of  the  current  are  sup- 
pressed, and  alternate  ones  are  recorded. 

By  receiving  with  two  needles  side  by  side,  all  the  alternations 
are  recorded,  those  that  were  suppressed  before  now  appearing  at 
the  second  needle.  The  record  then  appears  as  two  parallel  lines 
of  marks  having  the  maximum  intensities  in  one  line  opposite 
the  spaces  in  the  other.  Using  the  transmitter  as  already  de- 
scribed with  a  semi-cycle  as  a  unit  in  preparing  the  tape,  and 
receiving  in  two  lines,  it  is  found  that  some  of  the  marks  are 
omitted  in  one  line  and  some  in  the  other,  and  to  facilitate  trans- 
lating it  is  simpler  to  bring  the  two  lines  into  coincidence  to 
observe  the  dots  and  dashes  of  the  message.  A  message  was  then 
prepared  upon  the  transmitter  wheel,  using  a  complete  cycle  as  a 
uniti  instead  of  a  semi-cycle.  When  received  in  a  single  line  this 
message  is  complete,  no  matter  to  which  terminal  of  the  circuit 
the  receiving  needle  is  connected,  because  each  unit  now  containa 
both  a  direct  and  a  reversed  current,  one  of  which  will  record. 

The  same  message  was  then  received  in  two  lines,  and  one  line, 
gave  the  complete  message  as  before,  while  in  the  other  line  there-, 
appeared  a  record  for  each  complete  unit  in  which  the  current  was, 
made.  The  papers  of  either  the  lirst  or  the  second  half  of  each; 
complete  cycle  composing  the  message  upon  the  wheel  were  next 
removed,  and  the  message  received  in  two  lines  as  before.  The 
result  showed  the  message  complete  in  one  line,  while  in  the  other 
line  appeared  an  uninterrupted  succession  of  marks  just  as  given 
by  the  simple  alternating  current  received  in  one  line. 
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If  then  an  uninterrupted  line  of  marks  can  be  received  in  one 
line  at  the  same  time  that  a  message  is  being  received  in  the 
other,  this  uninterrupted  line  can  be  used  for  a  second  message 
entirely  independent  of  the  first.  The  next  experiment  accom- 
plished this,  and  it  is  now  possible  to  use  the  same  line  to  send 
two  entirely  independent  messages  in  the  same  direction  at  the 
same  time  at  a  high  rate  of  speed.  The  preparation  of  the  trans- 
mitting tape  to  accomplish  this,  simply  requires  that  the  two 
messages,  each  prepared  with  a  double  unit,  shall  be  displaced 
a  semi-cycle  with  respect  to  each  other  as  they  pass  through  the 
transmitter. 

The  advantages  of  duplexing  the  line,  that  is,  sending  two 
independent  messages  in  opposite  directions  over  one  wire  Jat 
the  same  time  seem  more  important  than  those  of  diplexing  the 
line.  An  arrangement  of  circuits  which  accomplishes  this 
proves  to  be  very  simple.  Moreover  it  permits  entirely  different 
frequencies  to  be  employed  by  the  transmitters  at  the  two  ends 
of  the  line,  and  as  before  involves  no  synchronous  receiver  at 
either  end.  By  duplexing  the  line  the  speed  of  transmission 
over  a  single  wire  is  practically  doubled  ;  for  example  a  line  that 
carries  3000  words  simplex  can  carry  6000  words  per  minute 
duplex. 

It  is  desirable  in  many  cases  to  manifold  the  original  copies  of 
the  message  received,  and  experiments  were  made  to  accomplish 
this.  All  that  is  necessary  is  to  attach  to  one  terminal,  instead 
of  a  single  needle,  as  many  needles  as  the  number  of  copies  de- 
sired, having  each  make  its  record  upon  a  sensitive  surface.  The 
manifolding  process  evidently  applies  to  either  simplex  or  duplex 
receiving.  Manifold  copies  of  messages  may  be  received  in 
widely  different  localities  at  the  same  time  from  one  and'  the 
same  transmitter,  by  connecting  the  receivers  in  series  or  in 
parallel. 

The  alternating  current  is  adapted  to  use  with  condensers  in 
series  with  the  line  where  a  direct  current  cannot  ordinarily  be 
employed.  An  experiment  was  carried  out  to  send  a  message 
through  a  condenser  having  a  capacity  of  9.57  microfarads  in  series 
with  the  line,  and  it  was  found  that  the  message  was  transmitted 
correctly.  One  object  of  this  experiment  was  to  establish  the  pos- 
sibility of  using  a  set  of  Morse  instruments  upon  the  line  at  the 
game  time  that  the  messages  were  being  transmitted  at  a  high 
rate  of  speed  by  the  alternating  current.  By  shunting  condensers 
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arouud  the  set  of  Morse  instruments  it  was  found  that  the  opera- 
tion of  either  system  did  not  affect  the  working  of  the  other,  so 
that  it  becomes  possible  to  use  the  same  high  speed  line  for  a 
complete  system  of  quadruplex  telegraphy  at  the  same  time. 
Indeed  it  seems  possible  that  the  present  Wheatstone  system 
could  be  operated  over  the  line  in  conjunction  with  the  alternating 
current  messages.  The  experiments  with  the  chemical  tape 
which  have  been  outlined  above,  together  with  others  not  here 
given,  demonstrate  the  flexibility  of  a  system  of  intelligence 
transmission  employing  the  alternating  current. 

The  use  of  the  alternating  current  as  a  means  of  sending  intel- 
ligence in  connection  with  the  fact  that  a  message  can  be  sent 
through  condensers,  suggests  the  possibility  of  using  the  prin- 
ciples of  electrical  resonance  employing  circuits  having  natural 
periods  of  their  own  which  will  pick  out  and  respond  to  currents 
from  the  line  having  their  own  frequency. 

Although  the  above  illustrations  have  employed  for  the  most 
part  the  Continental  code  representing  a  dot  and  a  dash  in  a 
particular  manner  by  the  omission  of  certain  waves,  and  the 
spaces  between  letters  and  words  by  the  presence  of  waves,  yet 
it  is  evident  that  this  is  but  one  of  many  combinations  which  this 
system  permits,  and  that  mentioned  above  is  not  to  be  understood 
as  representing  the  most  desirable  one. 

A  characteristic  of  the  records  made  by  electrolysis  is  the 
natural  separation  of  the  positive  and  negative  waves  of  current, 
which  is  an  advantage  in  interpretation.  This  separation  is  also 
accomplished  in  the  polarizing  receiver  by  employing  two  receiver 
tubes.  Instead  of  setting  the  polarizer  and  analyzer  for  extinc- 
tion they  are  so  placed  that  some  light  is  normally  transmitted 
through  each  tube.  The  tube  coils  are  so  connected  that  a  positive 
current  produces  approximate  extinction  in  one  tube,  and  a 
maximum  transmission  of  light  through  the  other.  A  negative 
current  transmits  a  maximum  of  light  through  the  first  tube,  and 
produces  approximate  extinction  in  the  second.  An  alternating 
current  therefore  causes  a  record  of  the  positive  waves  through 
one  tube,  and  the  negative  waves  through  the  other,  and  thus 
accomplishes  all  in  this  respect  that  the  chemical  receiver  does. 

The  Line. 

It  is  generally  understood  that  the  line  limits  the  speed  of 
telegraphy.     The   limit  is  usually  reached  because  of  the  dis- 
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tributed  electrostatic  capacity  of  the  line  rather  than  its  resistance. 
The  influence  of  the  distributed  capacity  is  to  change  the  form 
of  the  wave  as  well  as  reduce  its  amplitude.  With  a  given  length 
of  line  having  a  certain  static  capacity,  there  exist  limits  to  the 
speed  obtainable  with  any  given  set  of  instruments  which  would 
be  a  difficult  mathematical  problem  to  predetermine.  The  diffi- 
culty in  niaking  this  calculation  is  in  the  influence  exerted  by  the 
particular  instruments  used.  With  different  instruments  the 
upper  limit  of  speed  is  very  different  with  the  same  line.  It 
thei*efore  seems  that  the  only  way  to  determine  this  question  is 
by  submitting  the  system  to  actual  trial  over  a  long  line. 

In  order  to  test  this  system  over  as  long  a  line  as  was  available, 
the  land  telegi*aph  and  telephone  lines  upon  the  military  reserva- 
tion at  Fort  Monroe  were  joined  in  series,  making  about  thirteen 
miles  of  iron  wire  having  a  resistance  of  820  ohms.  Not  only 
was  no  difficulty  experienced  in  transmitting  and  receiving  mes- 
sc^es  over  this  line,  but  resistance  was  introduced  making  about 
1,500  ohms  total  including  the  polarizing  receiver  coil  of  390 
ohms.  This  trial  was  at  a  frequency  of  about  200  complete 
periods  per  second.  With  the  chemical  receiver  a  coil  of  10,900 
ohms  was  used  in  the  laboratory  and  the  record  was  plainly 
received  at  a  frequency  of  about  545  complete  periods  per  second. 

Since  the  polarizing  receiver  gave  indications  showing  the  ap- 
proximate strength  of  the  varying  currents  by  the  intensity  of 
the  light  upon  the  plate,  it  was  used  to  study  the  effects  upon  the 
currents  of  arbitrarily  introducing  capacity  and  inductance  in  series 
into  the  line,  especially  the  effect  upon  the  make  of  an  alternating 
current  at  different  points  of  phase.  Fig.  15  shows  the  general 
appearance  of  the  simple  alternating  current  with  different  expos- 
ures, at  different  speeds  of  the  plate  and  the  same  frequency  of 
alternation.  In  Fig.  10  the  inner  record  c  is  that  of  a  circuit  having 
390  ohms  resistance,  1.03  henrys  inductance,  and  4.78  microfarads 
capacity  at  a  frequency  of  137.  At  each  make  it  is  observed  that 
the  first  wave  is  small,  followed  by  a  large  one.  The  record  at  d 
is  for  a  similar  circuit  in  all  respects  except  that  the  capacity 
is  doubled,  being  9.57  microfarads.  Theoretical  curves*  have 
been  computed  for  these  cases  and  they  are  in  agreement  with 
the  records  shown. 

The   method   of   neutralizing   the   effects  of   the  distributed 

1.  **  The  New  Polarizing  Photo-Chro:iograph  " — Journal  of  the  U.  S.  Artil- 
lery, Fort  Monroe,  Va.,  Nov.-Dec.,  1896. 
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capacity  of  lines  by  introducing  distributed  inductance  as  is  now 
done  in  some  telephone  lines,  would  have  an  especially  useful 
application  in  a  line  employing  the  alternating  current  for  tele- 
graphy. 

Conclusion. 

When  the  extent  of  the  transmission  of  intelligence  at  the 
present  time  is  considered,  and  the  direct  influence  which  this 
service  has  upon  the  development  of  the  world's  progress,  any 
proposition  which  promises  to  increase  its  efliciency  should  be 
received  with  consideration. 

To  better  comprehend  the  volume  of  this  service  it  is  of  inter- 
est to  observe  the  statistics  on  the  subject.  These  have  been 
prepared  for  the  United  States  mail  service,  the  Western  Union 
Telegraph  Company,  and  the  American  Bell  *  Telephone  Com- 
pany of  the  United  States,  and  are  exhibited  in  graphical  form 
in  Fig.  16.  The  statistics  for  the  United  States  Mail  service  for 
the  last  few  years  were  furnished  through  the  courtesy  of  the 
Postmaster- General. 

It  is  noticed  in  general,  that  there  is  an  increase  in  all  depart- 
ments of  the  intelligence  transmission  service  from  the  earliest 
dates.  The  number  of  pieces  of  mail  sent  during  1896  was 
5,693,000,000  which  is  the  greatest  amount  ever  sent  in  a  single 
year.  The  greatest  number  of  telephone  messages  on  record  for  a 
single  year  is  757,000,000  in  1895.  The  largest  number  of  tele- 
graph messages  was  sent  in  1893  and  amounted  to  66,000,000. 
Thus  the  greatest  number  of  telegraph  messages  as  compared  with 
telephone  messages  is  in  the  ratio  of  1  to  llj.  The  greatest 
number  of  pieces  of  mail  is  in  the  ratio  of  86  to  1  as  compared 
with  telegraph  messages,  or  in  the  ratio  of  7^  to  1  as  compared 
with  telephone  messages.  It  is  also  seen  that  the  cost  of  the 
mail  service  of  the  United  States  in  1896  was  $90,626,000,  or 
about  $1.25  per  capita.  The  greatest  receipts  for  any  year  of  the 
American  Bell  Telephone  Company  were  in  1895  $16,400,000, 
about  25  cents  pef  capita,  while  the  greatest  receipts  of  the 
Western  Union  Telegraph  Company  were  in  1893  $24,978,000, 
about  35  cents  per  capita. 

It  appears  therefore  that  the  people  of  the  United  States  pay 
for  a  telegraph  service  of  about  one-eighty-sixth  the  amount,  about 
one-fourth  of  that  paid  for  the  entire  mail  service  of  the  United 
States.     It  also  costs  one-and-a-half  times  as  much  for  telegraph 
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service  as  for  the  telephone  service,  although  the  number  of  tele- 
phone messages  is  about  eleven-and-a-balf  times  as  great. 

A  conclusion  to  be  drawn  from  the  above  general  data  seems 
to  be  that  the  people  are  willing  to  pay  more  in  proportion  for  a 
kind  of  service  like  that  of  the  telegraph  than  any  other.  From 
the  point  of  serving  the  people,  as  well  as  from  a  business  stand- 
point, it  appears  that  improvement  in  this  class  of  intelligence 
transmission  is  at  present  much  to  be  desired.  The  present  state 
of  the  art  of  telegraphy  points  to  improvements  along  the  line  of 
automatic  machine  transmission. 

It  is  of  interest  to  inquire  what  effects  a  system  of  telegraphy 
capable  of  sending  continuously  3,000  words  a  minute  would  have 
on  the  existing  methods.  To  take  a  single  example  of  the  busi- 
ness between  New  York  and  Chicago,  where  about  40,000  letters 
are  carried  daily,  it  would  require  but  two  lines  in  continuous 
operation  to  handle  the  entire  business.  At  present  it  takes  three 
days  to  receive  by  mail  a  business  reply  between  New  York  and 
Chicago.  This  transmission  by  machine  telegraphy  could  be  ac- 
complished easily  the  same  day.  It  is  thought  that  an  effect  of 
this  would  be  to  increase  business  transactions  to  such  an  extent 
that  the  total  volume  of  intelligence  transmitted  would  be  augmen- 
ted, rather  than  to  diminish  the  business  now  done  by  existing 
methods. 

The  class  of  business  which  such  a  system  would  probably  at 
first  obtain  would  be  the  less  urgent  telegraph  business  of  greater 
volume,  such  as  the  Associated  Press  dispatches  and  newspaper 
press  reports.  Among  the  possibilities  is  the  simultaneous  pub- 
lication of  the  same  newspaper  in  different  parts  of  the  country. 
For  example,  in  an  edition  of  a  daily  paper  having  twelve  pages 
and  eight  columns  per  page,  making  ninety-six  columns  in  all, 
there  are  less  than  185,000  words.  At  the  rate  of  3,000  words 
per  minute  it  would  only  require  about  an  hour  to  transmit  the 
entire  contents  of  the  paper.  This  calculation  furthermore 
assumes  that  the  whole  paper  is  uniformly  printed  in  fine  type. 
It  would  require  a  single  operator,  working  by  hand  and  aver- 
aging twenty  words  per  minute,  over  six  days  of  twenty-four 
hours  each  to  send  this  amount. 

The  system  proposed  is  especially  adapted  to  meet  the  de- 
mands of  this  class  of  business ;  for  the  great  flexibility  of  the 
alternating  current  as  employed,  permits  if  necessary  con- 
siderable amounts  of  power  to  be  transmitted  over  the  line  which 
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may  be  need  for  making  simultaneous  manifold  copies  of  the 
same  dispatches  in  each  of  widely  separated  cities.  In  this  man- 
ner each  of  the  several  newspaper  company  subscribers  in  each 
city  receives  the  identical  service  with  the  minimum  delay,  since 
each  copy  received  is  an  original.  Each  additional  subscriber  to  this 
service  represents  no  appreciable  expense  to  the  company,  since  it 
requires  but  another  receiving  needle.  Furthermore,  the  use 
of  the  alternating  current  permits  the  line  to  be  used  quadruples 
at  very  rapid  speeds,  that  is,  four  entirely  different  dispatches 
may  be  sent  over  one  wire  at  the  same  time,  two  in  each  direc- 
tion, and  any  number  of  copies  of  one  or  all  the  dispatches  may 
be  received  independently  at  the  same  time. 

In  addition  to  the  above  it  is  practicable  to  employ  the  line  for 
a  system  of  the  ordinary  quadruplex  telegraphy  at  the  same  time. 
In  trial  experiments  in  the  laboratory,  particular  instructions  were 
given  to  the  operator  of  the  Morse  instrument  to  observe  if  pos- 
sible when  messages  were  being  sent  by  the  alternating  current, 
and  absolutely  no  effect  was  detected. 

The  objection  may  be  urged,  that  it  is  already  difficult  to  handle 
the  business  at  the  present  rate  of  operation  of  the  Wheatstone 
system,  and  if  the  instruments  worked  faster  it  could  not  be 
handled.  This  objection  is  undoubtedly  a  real  one  in  some  cases, 
and  it  is  partly  this  fact  which  indicates  that  it  may  be  easier  to 
inaugurate  new  methods  than  to  attempt  to  adapt  the  new  rapid 
transmitters  to  the  present  methods. 

A  telegraph  office  of  the  future  will  probably  present  a  differ- 
ent appearance  from  that  which  may  now  be  seen  in  any  of  the 
large  cities.  At  present  in  operating  the  Wheatstone  system  in 
this  country,  sending  to  long  distances  at  the  rate  of  150  to  200 
words  per  minute,  both  those  who  prepare  the  sending  tape  and 
those  who  translate  the  receiving  tape  ai*e  employes  of  the  tele- 
graph company  and  are  near  the  sending  and  receiving  instru- 
ments. If  it  requires  about  ten  men  to  prepare  tape,  and  as 
many  more  to  translate  it  for  a  single  instrument  operating  at 
150  words  per  minute,  it  will  require  twenty  times  this  working 
force  for  one  of  the  rapid  machine  transmitters.  Evidently 
changes  would  be  required  in  the  present  methods  to  handle  this 
business. 

It  is  thought  that  a  telegraph  company  of  the  future  will  fulfil 
a  somewhat  different  function  from  the  present  ones.  The  com- 
pany will  own  its  wires  and  rights  of  way  as  now,  but  the  tend- 
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ency  of  tlie  offices  proper  will  be  to  transmit  and  receive  letters 
already  prepared  rather  than  to  undertake  the  preparation  of  the 
letters  as  well.  The  income  of  the  company  will  be  derived 
from  the  rent  of  its  lines  at  a  fixed  price  per  minute,  or  a  fixed 
price  per  hundred  words.  The  service  of  the  telegraph  office 
then  becomes  like  that  of  the  post  office,  its  duty  being  to  receive 
and  deliver  letters  already  prepared,  as  the  post  office  does.  The 
difference  between  the  two  offices  is  in  the  manner  in  which  this 
is  accomplished.  The  telegraph  office  becomes  a  post  office  which 
employs  an  electric  current  in  a  copper  wire  to  carry  its  letters 
instead  of  a  railroad  train.  The  advantages  in  point  of  speed  of 
delivering  letters  by  the  former  method  are  apparent.  Instead 
of  requiring  twenty-four  hours  to  deliver  letters  between  New 
York  and  Chicago,  it  will  require  but  a  few  hours  at  most,  and 
make  it  possible  to  receive  a  reply  the  same  day.  It  is  probable 
that  such  a  system  would  take  more  business  from  the  present 
postal  system  than  any  other ;  for  when  telegraph  letters  can  be 
sent  at  reasonable  rates  comparable  with  postage,  in  a  few  hours 
instead  of  many  days,  a  certain  amount  of  present  post  office  busi- 
ness will  be  diverted.  More  than  this,  when  business  can  be  done 
with  greater  facility  than  at  present,  the  total  volume  of  business 
will  undoubtedly  be  increased,  because  transactions  may  take 
place  in  a  day  which  formerly  required  a  week. 

It  would  be  to  the  interest  of  such  a  company  to  seek  that  class 
of  less  urgent  business  now  done  by  correspondence,  rather  than 
the  class  handled  by  the  present  telegraph  companies,  where  tlie 
highest  speed  of  delivery  is  expected.  If  one  trunk  line  becomes 
established  between  large  business  centers,  it  will  draw  business 
from  a  surrounding  area.  For  instance,  if  a  line  were  established 
between  New  York  and  Chicago,  and  a  person  in  Albany  desired 
to  communicate  with  Chicago  or  points  beyond,  it  would  be 
quicker  to  send  the  letter  to  New  York  for  transmission  over  the 
trunk  Hne  to  Chicago,  and  then  by  rail  to  its  destination,  than  to 
send  directly  by  rail  from  Albany.  With  a  few  trunk  lines  in 
successful  operation  it  would  not  be  long  before  they  would  be 
multiplied. 

It  is  understood  that  these  telegraph  letters  are  sent  by  mail  in 
envelopes  in  the  usual  manner,  except  that  the  envelope  contains 
the  prepared  message  ready  to  be  sent  through  the  transmitter, 
and  thus  the  telegraph  office  becomes  relieved  of  the  preparation 
of  the  letters  which  is  not  strictly  a  part  of  its  business.     When 
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the  system  comes  into  general  use,  business  offices  will  have  their 
own  perforators,  and  it  will  become  necessary  for  the  operator  to 
learn  the  telegraph  alphabet  as  a  part  of  his  preparation  as  a 
stenographer  and  typewriter.  The  three-key  perforating  machine 
is  comparatively  inexpensive,  but  undoubtedly  a  machine  could 
be  devised  at  an  early  date,  as  an  attachment  to  the  present  type- 
writer, for  the  purpose  of  perfomting  letters  at  the  same  time 
that  they  are  being  written  by  the  typewriter  in  the  usual  way. 
This  could  be  constructed  to  operate  by  the  use  of  electro- 
magnets, and  can  be  attached  to  a  typewriter  without  interfering 
in  any  way  with  its  operation.  No  extra  power  would  be  re- 
quired, for  this  can  be  derived  from  an  electric  current  which 
operates  the  attachment.  The  writing  may  be  perforated  at  the 
present  rate  of  speed  of  typewriting  without  the  operator  having 
any  knowledge  of  the  telegraph  alphal)et  as  far  as  perforating  is 
-concerned.  This  machine  will  cost  more  than  the  three-key 
perforator,  but  it  would  in  a  short  time  more  than  pay  for  the 
difference  in  cost  on  account  of  the  great  gain  in  speed,  and  also 
because  it  prints  a  copy  of  the  letter  which  may  be  kept  on  file. 
Before  these  perforators  are  introduced  into  common  use  it  will 
be  necessary  to  establish  offices  in  the  immediate  vicinity  of  the 
terminals  of  the  trunk  lines,  to  prepare  letters  iov  persons  fur- 
nishing printed  or  written  copy,  as  well  as  to  furnish  a  printed 
translation  when  desired  of  letters  received  from  the  central 
office.  The  opportunity  to  obtain  a  cheaper  rate  for  prepared 
letters  will  act  as  an  inducement  to  those  employing  a  stenog- 
rapher to  add  a  perforator  to  their  offices. 

Concerning  the  daily  correspondence  of  the  large  business 
houses  between  cities  which  are  the  terminals  of  the  trunk  lines, 
it  might  be  an  advantage  for  them  to  have  exclusive  use  of  the 
line  for  a  certain  number  of  minutes  daily  at  a  certain  fixed  time 
of  day,  by  subscribing  and  paying  an  annual  rental  to  the  com- 
pany. Knowing  definitely  at  what  hour  the  mail  would  be  dis- 
patched daily,  it  would  then  be  possible  for  each  house  to  send 
by  messenger  its  daily  mail  already  prepared  for  transmission 
to  the  general  transmission  office,  where  it  could  be  placed  in 
•boxes  prepared  for  the  subscribers,  to  be  taken  out  and  trans- 
mitted when  its  time  arrives.  The  distribution  at  the  receiving 
«nd  of  the  line  could  be  accomplished  as  now  by  the  regular  mail 
service. 

In  the  limited  use  of  rapid  automatic  intelligence  transmission 
At  present,  the  sending  and  receiving  records  are  made  upon 
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prepared  paper  in  the  form  of  tape.  In  the  larger  volume  of 
business  which  is  being  considered  here,  it  does  not  seem  certain 
that  tape  would  be  the  best  form  for  the  sending  and  receiving 
paper.  It  would  be  an  advantage  to  have  the  letters  received 
upon  sheets  of  paper  with  the  dots  and  dashes  arranged  in  paral 
lei  lines.  Besides  facilitating  the  reading,  this  form  would  be 
more  convenient  for  mailing.  It  would  also  easily  permit  refer- 
ence to  any  part  of  the  letter  at  a  glance.  The  amount  of  paper 
required  by  the  use  of  sheet  form  instead  of  tape  would  be  re- 
duced, which  is  an  item  of  importance  where  such  a  volume  of 
business  is  being  handled.  Sending  and  receiving  from  the  sur- 
face of  a  cylinder  seems  entirely  practicable. 

Another  point  which  must  be  considered  is  whether  with  these 
systems,  the  induced  currents  from  neighboring  wires  along  the 
line  or  from  any  other  cause  will  affect  the  legitimate  signals 
materially,  as  has  been  at  times  the  case  with  the  Wheatstone 
system.  In  reply  to  this  it  can  be  said  that  these  receivers  for 
telegraphy  are  not  necessarily  more  sensitive  to  small  currents 
because  they  are  rapid.  On  the  contrary,  they  may  be  made  to 
require  as  much  current  as  is  found  desirable  to  rid  them  of  the 
effects  of  outside  influences,  and  at  the  same  time  retain  the 
property  of  qui«k  action  in  response  to  currents  of  the  proper 
magnitude.  In  this  connection  it  may  be  said  that  the  utility  of 
a  single  line  wire  becomes  so  great  that  more  attention  will  be 
given  in  the  future  to  the  line  construction  and  maintenance.  If 
millions  of  dollars  are  invested  in  the  construction  of  a  single 
railroad,  is  it  not  as  necessary  to  make  the  telegraph  lines  which 
carry  important  and  profitable  business  as  perfect  in  their  con- 
struction ? 

The  telegraph  line  of  the  future  will  comprise  substantial  poles 
carrying  a  few  copper  wires  worked  to  their  full  capacity  for 
transmitting  electric  signals.  The  cost  of  maintenance  of  such 
a  line  when  once  constructed  will  be  little  more  than  for  an  or- 
dinary iron  wire  now  used,  while  its  carrying  capacity  for  intel- 
ligence at  3,000  words  per  minute  simplex  will  be  about  equal  to 
160  wires  used  for  hand  transmission  simplex.  By  duplexing 
the  line,  the  carrying  capacity  is  doubled  and  becomes  6,000 
words  per  minute,  which  is  about  equal  to  100  wires  worked 
duplex,  or  to  SO  wires  worked  by  hand  quadruplex. 

It  is  thought  that  the  influence  which  the  inauguration  of  a 
telegraph  letter  system  would  have  upon  the  existing  telegraph 
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and  telephone  business  would  be  to  increase  rather  than  diminish 
it.  Each  of  these  services  has  its  own  special  field  of  usefulness 
but  little  affected  by  the  others.  A  new  field  would  be  occupied 
rather  than  an  old  field  supplanted.  The  present  telegraph  and 
telephone  would  still  have  their  natural  field  of  operation,  even 
though  the  best  hopes  for  a  telegraph  letter  service  are  realized. 

A  single  line  capable  of  sending  6,000  words  per  minute 
between  New  York  and  Chicago,  becomes  a  different  kind  of  in- 
vestment from  a  long  distance  telephone  line  where  the  number 
of  words  per  minute  with  the  fastest  rate  a  speaker  can  talk  is 
very  slow  in  comparison,  and  the  charge  is  $9  for  five  minutes* 
use  of  this  line. 

The  application  under  government  control  of  a  rapid  system 
of  correspondence  transmission  such  as  has  been  outlined,  operat- 
ing in  conjunction  with  the  present  postal  system,  by  supple- 
menting and  relieving  their  service  could  hardly  fail  to  prove  of 
benefit  to  the  people  of  the  United  States.  This  comes  within 
the  proper  duty  of  the  Post  OflSce  Department,  and  would  be 
under  the  direct  control  of  the  Postmaster-General.  The  simpli- 
fication in  operation  and  expense  which  would  result  from  uniting 
directly  with  the  general  post  oflSces  of  large  cities  the  telegraph 
letter  service  would  soon  be  realized  by  the  people  and  a  better 
service  insured. 

As  a  practical  means  toward  ultimately  assuming  the  direct  re- 
sponsibility of  this  new  service,  it  would  probably  be  easy  to  se- 
cure private  companies  which  would  be  willing  to  contract  with 
the  Post  OflSce  Department  to  transmit  telegraph  letters  at  a  fixed 
rate  for  a  term  of  years.  In  this  manner  the  Department  could 
gradually  absorb  this  branch  of  its  business  and  be  relieved  of  any 
sudden  new  responsibility  and  radical  reorganization. 

It  is  not  thought  that  the  development  of  a  rapid  intelligence 
transmission  service  to  the  extent  suggested  could  be  accomplished 
before  many  years,  nor  indeed  that  the  manner  or  means  of  this 
development  should  closely  follow  the  lines  indicated,  but  that 
something  analogous  to  this  development  seems  among  the  pos- 
sibilities if  not  the  probabilities  of  the  near  future. 

The  persistent  efforts  of  Mr.  Delany  and  the  great  system 
which  he  has  developed  are  well  known,  and  the  ideas  which  he 
has  advanced  in  regard  to  the  applications  of  rapid  systems 
are  in  the  main  in  accordance  with  those  stated  herein. 
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(Mr.  A.  V.  Abbott,  in  the  Chair.) 

Dr.  Frederick  Bedell: — It  gives  me  great  pleasure  this 
evening  to  read  a  paper  prepared  by  Dr.  Crebore,  with  whom  I 
have  been  so  closely  associated  in  scientific  work,  and  Lieut. 
Squier.  The  paper  deals  with  a  system  of  high-speed  telegraphy, 
the  speed  attained  being  far  beyond  the  speed  reached  by  the 
methods  now  in  vogue.  The  paper  is  a  long  one,  and  as  each  of 
you  have  a  copy  of  it  in  hand,  I  will  pass  rapidly  over  the  minor 
details,  and  devote  more  time  to  the  salient  points  of  the  paper. 

[Dr.  Bedell  then  read  the  paper.] 

Prof.  W.  M.  Stine  : — I  would  like  to  have  you  explain  how  the 
plate  is  held,  and  the  mechanism  of  the  revolving  disk,  also  how 
the  exposure  of  the  plate  is  effected.  Is  the  apparatus  used  in 
the  light  i 

Dr.  Bedell  : — The  plate  is  held  in  a  light-proof  plate  holder. 
The  whole  apparatus  is  used  in  the  light.  When  used  as  a 
chronograph  for  determining  the  velocity  of  proiectiles,  the 
operator  presses  a  key,  and  a  circuit  is  closed  which  starts  the 
projectile;  the  shutter  is  opened  automatically  by  means  of  an 
electro-magnetic  device,  so  that  the  shutter  is  only  open  during 
the  time  of  one  revolution  of  the  plate.  This  instrument  (the 
Polarizing  Photo-Chronograph  measuring  instrument)  can  be 
read  to  one  one- thousandth  or  a  degree,  and  estimated  to  one  ten- 
thousandth  of  a  degree. 

Mr.  a.  V.  Abbotf  (the  Chairman) : — Gentlemen,  I  for  one  feel 
we  have  listened  this  evening  to  a  paper  which  will  take  us  some 
time  to  digest,  and  assimilate,  for  the  bearing  of  the  subject  upon 
that  portion  of  electrical  science  with  which  it  deals  is  of  great 
importance.  The  only  criticism  which  I  could  make  uj)on  the 
paper  is,  that  the  authors  have  failed  to  show  a  plan  for  doing 
away  with  the  telegraphic  system  entirely,  and  do  not  indicate 
to  us  how  to  transmit  intelligence  by  intuition  from  person  to 
person,  in  all  parts  of  the  world  at  tlie  same  time.  The  salient 
point  which  has  occurred  to  me  this  evening  is  the  simplicity  and 
at  the  same  time  the  ingenuity,  which  the  authors  have  displayed 
in  their  apparatus.  The  idea  of  transmitting  signals  by  suppress- 
ing half  of  each  wave  at  precisely  the  right  time,  so  that  the 
inductance  of  the  line  would  have  but  little  effect,  seems  such  a 
simple  and  yet  effective  thing  that  we  all  wonder  why  we  had 
not  thought  of  it  ourselves.  But  how  to  get  an  inertialess  re- 
ceiver, which  was  the  question  that  occurred  to  me,  to  get  some- 
thing that  would  record  those  signals  and  place  them  on  record, 
and  in  such  shape  that  they  could  be  translated  and  read, — it  is  a 
wonderful  thing.  To  institute  a  set  of  signals  is  one  thing ;  to 
receive  and  place  them  on  record  is  a  very  different  problem,  and 
I  think  even  Faraday  would  have  been  greatly  surprised  if  any- 
one had  predicted  to  him  that  the  discovery  of  the  effect  of  a 
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magnet  on  a  ray  of  polarized  light  could  be  made  the  basis  of 
such  an  invention. 

Mr.  W.  W.  Ryder  : — In  railroad  work  there  would  hardly  be 
a  possibility,  or  I  should  say  a  probability,  of  an  extended  use  of 
this  system,  as  there  is  never  a  large  accumulation  of  messages 
between  any  two  points  that  would  require  such  speed  of  trans- 
mission. 

I  realize,  however,  that  it  would  mean  a  great  deal  to  the  com- 
mercial telegraph  companies  if  this  scheme  could  be  put  into 
practical  operation  upon  the  present  telegraph  circuits.  There 
is  always  a  great  amount  of  business  constantly  passing  between 
the  larger  cities,  and  such  a  system  would  be  of  great  benefit  in 
quickly  handling  it.  This  would  be  especially  true  when  the 
wires  aie  prostrated  by  storms.  The  messages  could  be  prepared 
for  transmission  and  as  soon  as  the  first  wire  was  repaireu,  the 
business  could  be  started  at  a  rate  that  would  quickly  relieve  the 
congestion. 

Mr.  Abbott  : — Humanity  is  never  satisfied  and  always  wants 
something  a  little  better,  or  a  little  quicker ;  though  I  have  heard 
it  said  that  when  railway  postal  facilities  were  first  talked  of, 
they  were  objected  to  by  the  more  conservative  as  being  entirely 
unnecessary,  for  had  they  not  had  a  postman  on  horseback,  who 
could  travel  five  miles  an  hour,  almost  as  fast  as  the  railroad 
train  of  those  days,  and  what  did  they  want  better  than  this  i 
Besides,  if  there  were  better  facilities,  too  much  time  might  be 
spent  in  writing  letters.  When  the  telegraph  came  fifty  years 
ago,  the  same  objection  was  made ;  there  were  good  postal  facil- 
ities, and  when  the  telephone  came,  there  was  the  telegraph  and 
the  district  messenger  service.  Individually  I  should  feel  that 
no  invention  could  be  too  quick  for  us  in  this  country.  The  faster 
we  can  work  teleeraph  lines,  the  more  economically  the  messages 
can  be  sent,  and  tne  more  people  will  use  the  telegraph,  if  trans- 
mission can  be  cheapened. 

Prof.  C.  V.  Kerr  : — The  idea  that  is  embodied  in  this  system 
is  certainly  a  very  beautiful  one,  and  seems  extremely  simple. 
Now,  looking  at  it  from  a  commercial  standpoint,  it  seems  to  me 
that  at  the  first  stage  this  apparatus  must  be  limited  in  its  use  to 
lines  where  there  is  a  great  congestion  of  telegraphic  matter. 
The  apparatus  is  necessarily  expensive.  There  must  be,  in  the 
firet  place,  the  apparatus  for  light,  and  then  the  polarizing  appa- 
ratus, and  then  the  apparatus  for  getting  the  record  after  the 
message  is  prepared  on  the  strip  of  pajjer.  If  the  apparatus  for 
quickening  the  recording  of  the  message  itself  can  be  made  as 
beautiful  and  quick  and  simple  as  are  the  main  ideas  of  the  appa- 
ratus, it  certainly  will  be  a  wonderful  system.  But  we  have  first 
to  prepare  the  message  itself,  then  develop  the  photographic 

I)late.    Now,  that  will  take  time,  and  it  will  be  expensive,  so  that, 
ooking  at  the  system  from  this  point  of  view,  my  first  impression 
would  be  that  it  is  going  to  be  limited  in  its  applications  unless 
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these  points  can  be  cheapened  in  some  way.  But  it  is  not  safe 
ever  to  say  too  much  as  to  what  can  be  done  with  a  new  inven- 
tion, for  a^in  and  again  our  ideas  Iiave  been  set  aside  by  later 
developments. 

Mb.  Abbott  : — The  complexity  of  the  apparatus  is  certainly  at 
present  formidable,  but,  as  Prof.  Kerr  has  pertinently  added,  a 
new  invention  is  always  more  complicated  than  it  is  in  its  suc- 
ceeding steps.  It  is  not  impossible  that  simplification  may  occur 
in  a  very  marked  degree.  Furthermore,  even  with  its  present 
complexity,  it  is  not  impossible  that  the  cheapness  of  wholesale 
business  might  render  it  an  eminently  successful  system.  I  think 
if  photographers  ten  years  ago  had  been  presented  with  the  kinet- 
oscope  and  its  companions  of  a  similar  nature,  and  had  been 
asked  to  take  twenty  or  thirty  pictures  per  second,  as  is  now  suc- 
cessfully done,  they  would  have  said  it  was  impossible,  orif  pos- 
sible, would  have  been  too  expensive,  while  it  is  an  actual  fact 
that  the  cost  is  entirely  within  commercial  bounds. 

Mb.  F.  E.  Dbake  : — I  confess  to  some  considerable  degree  of 
interest  in  this  very  charming  paper,  having  had  several  years 
experience  in  the  telegraph.  1  realize  the  step  that  is  here  ex- 
pressed, in  passing  from  perhaps  forty  to  fifty  words  a  minute  to 
three  thousand  words  a  minute,  and  believe  there  are  a  great  many 
points  of  possible  development  in  this  system.  With  my  limited 
experience  in  the  old  style  telegraph,  I  can  predict  that  under  the 
careful  scrutiny  and  painstaking  zeal  and  ingenuity  of  these  gentle- 
men, they  will  be  able  to  accomplish  a  result  which  will  be  of 
great  benefit  to  the  entire  world.  We  are  so  accustomed  now  to 
receiving  intelligence  with  marvelous  speed  from  all  points  of 
the  globe,  that  this  method  is  only  in  touch  with  what  we  most 
desire.  From  a  technical  standpoint,  I  do  not  feel  in  any  way 
competent  to  express  an  opinion.  The  question  of  photographic 
plates  seems  to  me  the  most  serious  which  rises  in  connection 
with  this  device.  Another  thing  which  occurs  to  me  is  the  fact 
that  you  have  to  go  through  almost  all  of  the  old  methods  in 
order  to  get  your  message  readable,  although  the  speed  attained 
in  transmitting  is  marvelous.  Then  again,  the  receiving  of 
the  messages  and  getting  them  into  condition  for  the  under- 
standing of  the  press  and  the  public  at  large,  adds  to  some 
pressing  commercial  features  of  the  present  code.  I  believe  that 
one  of  the  most  important  advances  which  will  be  made  in  this 
direction  will  be  the  simplification  of  the  codes  to  be  used,  and  the 
introduction  of  a  new  scheme  of  phonographic  telegraph,  express- 
ing synchronously  words,  phrases  and  sentences.  That  one  point 
strikes  me  as  being  the  greatest  possibility  of  this  new  invention, 
and  I  predict  we  will  hear  from  it  with  a  great  amount  of  in- 
terest. 

Dr.  Bedell: — Some  of  the  speakers  have  expressed  their 
opinion  that  this  system  is  exceedingly  promising,  but  that  it 
possesses  obstacles,  which,  although  of  minor  importance,  may 
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be  serious  in  practical  ways.  They  have  also  suggested  the  over- 
coming of  these  obstacles  as  a  matter  of  future  development. 
Such  is  the  case.  The  first  endeavor  is  to  establish  the  feasibility 
of  the  system,  and  to  develop  some  plan  which  will  be  operative. 
After  going  thus  far,  and  demonstrating  by  a  series  of  experi- 
ments that  the  system  is  a  practical  one,  it  is  proper  time  to  de- 
termine the  exact  form  of  apparatus  which  will  be  simplest  and 
best.  For  instance,  the  instrument  shown  on  the  screen,  used  as 
the  polarizing  receiver,  was  one  constructed  for  chronographic 
purposes,  witn  no  definite  consideration  so  far  as  telegraphy  is 
concerned.  However,  the  authors  of  the  paper  have  developed 
two  forms  of  receiver,  one  of  which  has  been  partially  neglected 
in  the  discussion  this  evening,— -the  chemical  receiver.  The 
chemical  receiver  may  be  used,  and  it  was  dwelt  upon  at  less 
length  because  it  needs  less  explanation.  The  polarizing  receiver 
was  discussed  more  at  length  oecause  more  of  the  eany  experi- 
mental work  was  done  on  that  receiver,  and  it  has  manv  features 
which  are  worthy  of  consideration.  The  chemical  receiver,  how- 
ever, in  the  minds  of  the  inventors,  possesses  many  points  of 
superiority  over  the  polarizing  receiver.  They  thus  secure  a 
receiver  which  possesses  a  degree  of  simplicity  comparable  with 
that  of  the  transmitter.  In  regard  to  the  polarizing  receiver,  it 
may  be  said  that  a  simplification  has  already  been  made.  The 
authors  of  the  paper  suggest  the  use  of  a  continuous  tape  instead 
of  a  disk,  this  tape  passing  through  a  developer,  and  coming  out 
already  fixed.  It  seems  tnat  this  apparatus  could  be  arranged  so 
as  to  be,  in  a  way,  comparable  with  the  chemical  receiver.  There 
is  no  doubt  that  if  the  system  receives  careful  attention,  as  it  is 
sure  to  do,  sundry  details  will  be  perfected,  and  simple  instru- 
ments devised.  This  development,  however,  would  simply  be  in 
the  way  of  modification  of  tlie  general  idea,  that  is,  of  transmit- 
ting signals  by  suppressing  distinct  predetermined  half-waves  of 
an  alternating  current,  and  to  receive  them  by  some  kind  of 
massless  receiver. 

Mr.  Abbott  : — I  think  that  Prof.  Stine  has  voiced  the  thoughts 
of  most  of  us,  particularly,  if  we  take  into  consideration  the 
capacity  of  the  apparatus  proposed.  This  device,  undoubtedly, 
would  be  very  expensive  if  it  were  to  be  applied  only  to  the  trans- 
mission of  a  few  words  a  day,  or  messages  of  a  few  words  each. 
But  even  a  fraction  of  its  capacity  would  indicate  that  it  undoubt- 
edly would  be  very  much  cheaper  than  any  system  we  now  have. 
It  is,  undoubtedly,  somewhat  complex,  and  may  require  consider- 
able apparatus  and  skill  for  its  installation  and  operation,  but  it 
will  enable  communications  to  be  sent  with  marked  economy  over 
anything  now  in  sight.  I  think  we  should  have  but  little  doubt 
but  that  the  volume  of  business  would  come  just  as  soon  as  a 
commercial  showing  indicates  the  possibility  of  cheaper  trans- 
mission than  we  now  have. 
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Mr.  W.  D.  Ball: — First  of  all,  I  want  to  add  my  little  mite 
to  the  words  of  praise  which  have  been  given  to  the  paper  read 
to-night.  I  am  like  a  good  many  others  who  are  here, — I  have 
not  been  able  to  digest  it,  but  I  am  something  like  the  small  boy 
who  can  ask  questions,  if  he  can't  do  anything  else.  There  are  a 
few  points  which  I  would  like  Dr.  Bedell  to  take  up  more  at 
length,  if  possible,  with  regard  to  the  practical  application  of  the 
woncing  of  the  apparatus.  In  the  first  place,  I  might  say  I  would 
not  be  willing  to  admit  at  present  its  greater  economy  in  the 
matter  of  transmission  of  messages  until  we  have  some  practical 
data  regarding  the  amount  of  time  taken  for  preparing  the  rib- 
bons and  photographic  plates,  etc.,  and  for  the  expense  of  the 
force  necessary  to  take  care  of  the  transmission,  repetition  and 
recording  of  messages.  The  figures  shown  on  the  screen  have 
aptly  illustrated  the  paper,  but  I  believe  nothing  was  said  with 
regard  to  the  amount  of  energy  necessary  to  transmit  messages.  I 
take  it,  of  course,  that  the  diiterence  of  potential  impressed  upon 
the  circuit  would  depend  almost  entirely  upon  the  length  of  cir- 
cuit, the  resistance  to  be  overcome,  etc.  If  Dr.  Bedell  can,  I  should 
be  very  glad  to  hear  him  tell  us  of  the  voltages  used,  and  give  us 
what  other  practical  data  he  may  have  regarding  it.  It  is  unfor- 
tunate that  we  did  not  get  copies  of  this  interesting  paper  in  time 
to  have  read  them  over.  Possibly  these  points  are  touched  upon 
in  the  paper.  At  the  same  time,  I  should  like  Dr.  Bedell  to  dwell 
a  little  more  at  length  on  the  effect  of  induction  in  the  lines  and 
the  possibility  of  long  distance  lines,  both  as  affected  by  the  induc- 
tance of  the  lines  and  by  the  frequency  of  the  alternations. 

Dr.  Bedell: — I  regret  that  the  inventors  are  not  here  to 
answer  some  of  these  inquiries,  for  they  are  all  questions  of  detail 
with  which  I  am  not  sulBciently  informed  to  give  adecjuate  an- 
swers. I  do  not  know  the  exact  electromotive  force  employed 
in  their  experiments ;  nor  do  I  have  practical  data  concerning 
the  line,  its  length,  capacitv,  and  resistance.  The  line  was  a 
short,  experimental  line,  which  had  its  actual  length  increased, 
however,  by  resistances  inserted  in  the  laboratory,  and  the  authors 
have  made  computations  as  to  the  feasibility  of  long-distance 
telegraphy,  which  have  resulted  favorably.  If  it  does  come,  how- 
ever, to  a  question  of  increased  cost  of  line  construction,  as  it 
undoubtedly  would  where  there  are  long  distances,  as  across  the 
continent,  we  could  well  afford  to  put  a  good  deal  of  money  into 
a  line  where  we  had  but  one  to  maintain,  instead  of  many.    One 

f)oint  concerning  the  labor  of  preparing  the  perforated  tape :  the 
abor,  unless  some  special  device  is  introduced,  would  be  the 
same,  no  more  and  no  less,  than  there  is  now  in  the  methods  of 
machine  telegraph}-.  It  has  been  suggested  by  the  authors  that 
the  work  of  translation,  so  to  speak,  be  thrown  upon  the  indi- 
vidual. That  is,  we  dictate  a  letter  to  our  stenographer,  who 
transcribes  it  upon  the  tyj)ewriter  by  performing  two  operations 
at  once,  one,  preparing  a  copy  of  tlie  letter  in  readable  form  for 
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preservation,  and  the  other  preparing  the  perforated  tape.  This 
perforated  tape  is  then  put  m  an  envelope  and  dispatched  to  the 
sending  station.  The  sending  station  would  not  then  need  a  large 
force  in  transcribing  messages,  but  simply  enough  men  to  operate 
the  machine  proper,  the  other  work  being  transferred  to  the 
private  office.  However,  too  much  cannot  be  done  at  once.  The 
step  which  has  been  taken  is  to  eliminate  the  time  element  in  the 
necessary  part  of  the  transmission. 

Mr.  I-iOUis  Privat  :— I  should  like  to  ask  Prof.  Bedell  one 
question  before  we  close  our  discussion.  Could  this  system  be 
applied  to  Trans- Atlantic  cables  ?  It  seems  to  me  that  this  is  a 
place  for  great  economy,  if  it  could  be  used  in  that  manner.  It 
seems  to  me  that  an  invention  of  this  kind,  which  would  distribute 
so  much  intelligence  in  such  a  short  time,  would  be  particularly 
desirable  there,  where,  under  the  present  method,  transmission  is 
so  expensive.    This  system  would  undoubtedly  be  much  cheaper. 

Dr.  Bedell  : — Cable  transmission  by  this  system  has  not 
yet,  I  believe,  been  subjected  to  experiment.  It  has  been  con- 
templated bv  the  authors,  and  a  cable  has  been  placed  at 
their  disposal  to  be  used  at  such  time  as  they  are  ready  to  under- 
take that  experimental  work  ;  but  the  time  at  their  disposal  has 
not  yet  allowed  them  to  avail  themselves  of  this  opportunity,  for 
they  have  found  so  many  other  points  of  detail  to  occupy  their 
attention  that  they  have  had  to  forego  this  experiment.  1  do  not 
doubt,  however,  but  that  it  will  be  taken  up  in  the  near  future. 

Prof.  Stine  : — We  have  all  been  delighted  with  the  paper 
which  has  been  presented  to  us  this  evening,  and  the  verv  clear, 
full  explanation  which  has  accompanied  its  presentation.  1  think 
all  present  will  cordially  join  me  in  a  vote  of  thanks  to  Dr. 
Bedell  for  his  kindness  in  coming  to  us  to  read  the  paper,  and 
taking  such  an  interest  in  explaining  it. 

(The  vote  of  thanks  was  unanimously  carried.) 
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Discussion  in  New  York  May  18th,  1897. 

(President  Duncan  in  the  Chair.) 

Mr.  Francis  W.  Jones  : — The  proposition  to  increase  tlie 
efficiency  of  the  electric  telegraph  by  the  employment  of  some 
automatic  system  that  will  a^mit  of  the  transmission  of  several 
hundred  and  even  thousands  of  words  continuously  per  minute 
has  been  a  favorite  one,  not  only  with  visionary  and  impractical 
minds  unfamiliar  with  the  every  day  demands  of  the  telegraph- 
ing public,  but  the  idea  has  been  cherished  by  practical  telegraph 
engineers  of  the  most  distinguished  ability  ever  since  the  con- 
ception of  the  electric  telegraph  both  here  and  in  England,  the 
two  countries  that  have  led  all  others  in  bringing  to  their  present 
state  of  perfection  the  wonderful  systems  that  are  being  em- 
ployed upon  the  land  and  submarine  wires  of  the  world. 

It  is  not  complimentary  to  the  managers  of  the  great  telegraph 
systems  of  the  world,  particularly  those  of  Great  Britain  and 
America,  to  suppose  tnat  they  would  go  on  year  after  year 
putting  up  hundreds  of  thousands  of  miles  of  new  wires,  the 
majority  of  which  are  pure  copper,  to  meet  the  increasing  de- 
mands of  the  public,  or  to  allow  the  post  office  to  carry  an 
enormous  volume  of  mail  matter  by  railroad,  when  by  the  em- 
ployment of  a  system  similar  to  the  one  proposed,  as  much  busi- 
ness could  be  transmitted  from  New  York  to  Chicago  in  10  hours 
by  one  wire,  as  is  now  done  by  100  wires  worked  quadruplex. 

That  there  have  been  very  high  speed  automatic  systems  put  in 
operation  at  a  great  expense  is  a  matter  of  record,  and  I  believe 
that  the  failure  of  such  systems  to  bring  about  a  cheaper  and 
more  rapid  handling  of  telegrams  was  in  no  way  due  to  inability 
to  transmit  and  record  the  signals  fast  enough  over  the  wire,  but 
was  due  to  other  and  very  different  things,  so  I  do  not  deem  it 
necessary  at  this  time  to  enter  into  any  uiscussion  of  the  particu- 
lar method  of  transmission  proposed  under  the  name  of  the 
**Synchronograph,"  but  will  endeavor  to  present  a  few  stubborn 
facts  which  so  far  have  stood  in  the  way  of  the  realization  of  the 
joint  inventors'  vision  of  the  practical  application  of  sending 
3,000  words  per  minute  between  New  York  and  Chicago,  and 
performing  the  entire  postal  service  represented  by  40,000  letters 
daily  upon  two  telegraph  wires. 

Latimer  Clark,  President  of  the  Society  of  Telegraph  Engin- 
eers (now  the  Institution  of  Electrical  Engineers)  in  his  inaiigunil 
address  in  January,  1875  in  giving  a  history  of  the  development 
of  the  British  telegraph  svstem  under  the  various  companies 
prior  to  its  consolidation  with  the  post  office  by  the  British  Gov- 
ernment, said : 

"The  chemical  printing  telegraph  of  Mr.  Alexander  Bain 
deserves  a  special  notice.  Chemical  telegraphs  were  suggested 
at  an  early  date,  and  in  1838  Mr.  Edward  Davy  jmtented  a 
chemical  marking  telegraph  of  considerable  merit  employing 
calico  tapes  moistened  with  iodide  of  potassium.     In  1 846  Mr. 
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Bain  patented  liis  system,  and  in  addition  to  the  use  of  an 
iron  style  resting  on  paper  moistened  with  a  solution  of  ferro 
cyanide  of  potassium  described  the  important  principle  of  setting 
up  the  messages  on  perforated  paper,  a  system  which  has  done 
more  to  increase  the  capabilities  of  the  telegraph  than  any  other 
invention. 

"That  invention  was  exhibited  to  the  Electric  Telegraph  Com- 
pany, and  while  being  examined,  one  of  the  regulating  springs 
broke  and  allowed  the  instrument  to  travel  around  with  uncon- 
trolled speed.  To  their  surprise  they  found  that  the  whole 
message  was  visible  and  had  been  transmitted  correctly  at  the 
rate  of  several  hundred  words  per  minute  upon  which  they  re- 
solved to  purchase  the  invention  without  delay.  I  believe  Mr. 
Bain  received  £7,000  for  his  patent." 

"They  employed  the  system  of  printing  on  chemical  paper  for 
some  years  until  it  was  eventually  supplanted  by  the  Morse 
inking  system.  Nothing  however  was  done  with  the  punched 
paper  until  Sir  Charles  Wheatstone  introduced  his  very  beauti- 
lul  automatic  printing  telegraph  which  is  the  most  rapid  system 
of  telegraphing  at  present  m  ordinary  use. 

"  Real  capabilities  of  the  Bain  system  remain  however  to  be 
yet  developed.  The  Americans  have  recently  reintroduced  it 
with  startling  results,  and  have  shown  that  on  ordinary  circuits 
400  or  500  words  per  minute  may  be  readily  transmitted  by  its 
means.  When  the  capabilities  of  this  system  become  generally 
known  to  the  public,  it  will  doubtless  insist  on  enjoying  the 
advantages  to  be  derived  from  it,  either  in  the  form  of  length- 
ened messages  or  a  lowered  tariff. 

"Without  some  such  svstem  much  of  the  celerity  to  which  we 
are  now  accustomed  will  be  lost  amidst  the  enormous  accumu- 
lation of  work  which  must  sooner  or  later  fall  upon  the  tele- 
graphic system  of  this  country.  The  electric  telegraph  is  quite 
capable  of  transmitting  a  large  portion  of  the  business  of  the 
country  which  is  now  transacted  by  letter,  and  is  being  so 
en  ployed  more  and  more  every  day.  If  this  expansion  of  traffic 
be  accompanied  by  facilities  for  securing  rapid  transmission  for 
important  messages  the  pecuniary  gain  to  tlie  post  office  will  be 
very  great,  while  the  benefits  afforded  to  the  commerce  of  the 
country  will  be  enormous." 

Mr.  Clark  was  engineer  for  the  principal  English  telegraph  com- 
pany prior  to  its  being  absorbed  in  the  government  system  m  1870, 
at  which  time  a  uniform  rate  of  one  shilling  for  twenty  words 
with  addresses  had  been  adopted,  and  the  public  led  to  believe  that 
by  bringing  the  lines  of  five  or  six  different  companies  under  the 
management  of  the  post  office,  and  by  the  use  of  the  Wheatstone 
automatic  svstem,  that  an  enormous  volume  of  business  could  be 
so  economically  and  readily  handled  that  the  tolls  could  be  low- 
ered almost  to  postage  rates. 

According   to  Mr.  Preece's   paper   read   before   the   London 
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Society  of  Arts  in  May,  1887,  the  Wheatstone  automatic  system 
had  been  constantly  improved  until  it  had  a  transmitting  capac- 
ity between  London  and  Ireland  through  the  channel  cables  as 
follows : 

Year,  Words  per  minute. 

1870 60 

1875 70 

1880 150 

1885 250 

1887 450 

The  number  of  messages  transmitted  by  the  British  system, 
immediately  after  the  transfer  to  the  government  under  the  shil- 
ling rate,  was  about  12,000  messages  of  30  words  each  per  day, 
which  upon  the  basis  of  calculation  that  has  been  usually  adopted 
by  the  advocates  of  high  speed  telegraphy,  could  have  all  been 
done  in  eight  hours  upon  5  Wheatstone  duplex  circuits  at  the 
rate  of  80  words  ]>er  minute  each  way.  Notwithstanding  this 
we  find  that  Mr.  Preece  in  the  foregoing  mentioned  paper  states 
as  follows : 

"The  rapid  increase  of  business  that  resulted  from  the  uniform 
shilling  tariff  soon  led  to  the  erection  of  more  wires,  and  the 
multiplication  of  wires  soon  attracted  attention  to  methods  of 
duplexing  and  quadruplexing  the  circuits.  The  duplex  system 
means  a  mode  of  sending  two  messages  in  opposite  directions  at 
the  same  time.  This  was  shown  to  be  possible  by  Gintl,  in 
Vienna,  in  1853,  but  the  necessity  for  such  a  system  did  not 
arrive  until  1872,  and  as  the  moment  a  want  is  felt  something  is 
sure  to  turn  up  to  supply  this  want,  so  when  the  duplex  was 
needed,  Mr.  Steams  arrived  from  America,  with  a  well  worked 
out  practical  system  that  was  at  once  adopted,  improved,  and 
perfected.  Still  further  congestion  arising,  quadruplex  working, 
or  the  art  of  sending  four  messages  on  one  wire  at  the  same  time, 
became  desirable,  and  a  practical  quadruplex  system,  due  to  Mr. 
Edison,  was  imported  in  1877  from  the  same  inventive  and  prac- 
tical, region,  the  United  States.  Later  on  in  1885,  a  still  further 
development  was  matured  in  America,  viz.,  the  multiplex  system 
of  Delany,  by  which  six  messages  can  be  simultaneously  sent, 
which  we  have  adopted,  and  the  main  features  of  which  I  now 
show  you  in  action.  The  chief  reason  why  these  systems  have 
been  matured  in  America  is  that  the  want  has  been  experienced 
there  before  here.  Neither  system  was  invented  in  Anieiica — 
each  was  invented  in  Europe.  There  are  other  wants  that  have 
been  experienced  here  before  there,  and  those  who  have  visited 
the  States  have  found  that  English  inventions  are  equally  appreci- 
ated and  adopted  there.  It  is  in  automatic  telegraph  that  we 
have  made  the  greatest  advances." 

The  editor  of  the  London  Telearaphtc  Journal^  January  1st, 
1875,  says,  "The  Postal  Telegraph  Department  has  during  tlie 
year  (1874)  introduced  the  sounder  as  much  as  possible,  and  it 
may  be  now  definitely  considered  as  the  instrument  of  the  future; 
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its  various  advantages  have  at  last  become  apparent,  and  in  time 
we  shall  observe  its  use  as  wide  and  extended  as  may  be  seen  in 
the  United  States." 

"The  duplex  continues  to  advance,  and  the  Steams  system  is 
rapidly  becoming  extended.  The  advantages  derived  from  the 
system  of  duplex  working  have  daily  become  more  and  more 
apparent." 

In  1885  the  clamor  of  the  press  and  the  pressure  of 
the  various  provincial  Chambers  of  Commerce  caused  the 
British  Parliament  to  inaugurate  a  telegram  rate  of  sixpence 
for  twelve  words,  counting  addresses  and  signatures,  and  a  press 
day  rate  of  75  words  for  one  shilling,  and  between  6  P.  M.  and 
9  A.  M.  a  night  rate  of  100  words  for  one  sliilling  with  addresses 
free,  and  twopence  for  every  drop  copy. 

To  prepare  for  the  expected  increase  in  business  $2,500,000 
were  expended  to  meet  tne  increased  traffic,  of  which  $2,375,000 
were  expended  for  new  poles,  wires,  and  instruments.  There 
were  added  to  the  system : 

850  miles  of  pole  line,  9,200  miles  new  wires  thereon,  11,600 
miles  new  wires  on  old  poles,  40  sets  Wheatstone  automatic,  8 
Morse  quadru4)lex,  300  Morse  duplex,  350  Morse  sounder  circuits, 
150  needle  sets. 

One  month  prior  to  October  1st,  1885,  when  the  sixpenny 
tariff  went  into  effect,  the  London  Central  Station  was  equipped 
as  follows : 

Metropolitan  Department :  50  sets  duplex  sounders,  -75  sets 
relay  duplex,  71  Morse  single  sets,  55  sounders,  133  needles,  4 
dials. 

In  the  Provincial  Department :  32  Wheatstone  sets  duplexed, 
58  Wheatstone  sets  single,  17  quadruplex,  18  duplexed  regis- 
ters, 93  duplexed  sounders,  45  Morse  sets,  37  sounders,  28 
needles. 

Making  the  total  number  of  circuits  698  Morse,  161  needles, 
4  dials  and  122  Wlieatstone. 

The  Wheatstone  sets  were  located  in  the  news  division  of  the 
Provincial  room,  and  about  70  transmitters  were  kept  busy  send- 
ing out  news.  The  pneumatic  punchers  perforating  three  or 
more  slips  simultaneously,  the  same  news  answering  the  wants  of 
newspapers  in  almost  any  part  of  Great  Britain  or  Ireland,  served 
by  many  diverging  circuits  from  London,  and  during  the  year 
ended  March  3l8t,  1885,  33,278,459  messages  including  press 
reckoned  at  the  rate  of  30  words  per  message  were  transmitted. 

On  July  25th,  J  887,  the  Postmaster  General  at  the  English 
Telegraph  Jubilee  dinner  in  London  after  describing  the  develop- 
ment of  Wheatstone's  needle  system  said :  "  Then  came  another 
probably  more  even  astounding  development,  the  sounder  instru- 
ments, by  which  messages  are  transmitted  by  sound  without  any 
record.  I  venture  to  believe  that  that  achievement  has  out- 
stripped the  wildest  dreams  of  imagination,  and  that  the  present 
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pace  of  the  electric  telegraph  between  London  and  Dublin  where 
the  Wheatstone  automatic  is  employed,  amount  to  462  words  a 
minute." 

The  Postmaster  General  also  gave  the  number  of  telegrams 
sent  through  the  post  office  of  the  United  Kingdom  in  1886  as 
51i  millions  incluaing  about  4b0  million  words  of  press  for  the 
London  and  provincial  newspapers,  at  an  average  rate  of  two- 
pence per  hundred  words  and  the  Postmaster  General  states 
that  the  cost  to  the  public  revenue  over  and  above  the  tolls 
received  for  the  press  service  is  not  less  per  year  than  one  million 
dollars,  which  is  practically  a  subsidy  for  the  diffusion  of  intelli- 
gence. This  sixpenny  tariff  had  reduced  the  receipts  per  tele- 
gram from  Is  Id  to  8d,  netting  for  the  year  ended  March  31st, 
1886,  a  loss  of  11,115,000  which  added  to  the  interest  due  on  the 
capital  stock  of  purchase  (viz  $54,402,855)  amounts  to  a  deficit 
of  $1,857,770  or  a  grand  total  loss  of  $12,765,045  since  the  public 
tried  to  do  its  own  business  at  rates  below  cost. 

Notwithstanding  this  loss  we  find  Mr.  E.  Cox  Walker  in  the 
Northern  Ecfio  of  England,  in  1887,  agitating  a  threepenny 
rate  with  the  same  old  arguments  that  had  been  used  prior  to 
1870  and  1885,  to  inflame  the  public  mind.  I  quote  as  follows, 
"  There  cannot  be  any  doubt  in  any  one's  mind  as  to  the  enorm- 
ous increase  that  would  take  place  and  the  benefits  that  would 
arise  therefrom  to  the  commercial  world,  which  is  really  the  great 
user  of  this  mode  of  communication.  The  cost  of  transmitting 
messages  will  of  course  be  greatly  reduced,  as  regards  each  mes- 
sage, by  the  full  use  made  of  all  the  instruments  and  wires.  Then 
the  carrying  capacity  of  the  wires  is  being  greatly  increased  by 
the  substitution  of  copper  for  iron  wires,  and  the  speed  of  signals 
has  been  wonderfully  increased  during  the  last  year  or  two;  news 
being  now  sent  at  the  rate  of  450  words  per  minute  between  Lon- 
don and  Ireland  and  elsewhere." 

On  May  13th,  1892,  a  large  deputation  from  the  associated 
Chambers  of  Commerce  waited  on  the  Postmaster  General  urg- 
ing the  reduction  of  rates  by  allowing  addresses  to  go  free,  not- 
withstanding the  deficit  for  the  last  year  was  nearly  two  million 
dollars,  with  probably  the  post  office  bearing  on  its  own  account 
a  large  share  of  expense  for  use  of  offices,  light,  fuel,  and  services, 
that  should  have  been  borne  by  the  telegraph  service,  the  deficit 
has  been  yearly  increasing  up  to  the  present  time.  The  traffic  in 
1885  was  about  100,000  telegrams  of  16  words,  a  day. 

To  transmit  these  messages  there  were  in  the  London  central 
station  130  single  setij  of  Wheatstone,  each  set  of  which  was,  or 
could  have  been,  duplexed,  and  capable  of  transmitting  on  the 
longest  circuits  out  of  London  462  words  each  way  or  a  total  of 
831,600  sixteen  word  messages  to  and  from  London  during  eight 
hours  every  day,  or  a  grand  total  of  nearly  2^  million  messages 
per  day  operated  continuously  for  the  24  hours. 

Besides   the  Wheatstone   automatic   there  were  quadruplex. 


1897  ]  DISCUSSION  IN  NEW  YORK,  185 

duplex,  and  single  circuits,  aggregating  1100  circuits,  capable  of 
actual  not  theoretical,  Morse  transmission  each  one  at  the  rate  of 
over  70  sixteen  word  messages  per  hour,  or  a  total  of  528,000 
messages  in  8  hours. 

Thirty  English  newspapers  have  special  Morse  wires  and  ope- 
rators from  6  p.  M.  to  6  A.  m.  ana  the  Scotsman^  NewcaaUe 
Chronicle^  MaiichesUr  Guardian^  and  some  others  had  two 
wires  each  for  news  from  London.  It  is  highly  absurd  to  suppose 
that  because  the  Wheatstone  system  did  not  transmit  at  the  rate 
of  1000  or  more  words  per  minute  that  130  sets  in  London  in 
1887  were  employed  to  transmit  only  about  1,000,000  words  of 
press  per  day,  when  those  set*  had  the  capacity  to  transmit  in 
eight  hours  16,348,800  words  "single"  or  32,697,600  words  "du- 
plex" at  the  rate  of  262  words  per  minute  per  set  in  either 
direction. 

It  is  also  equally  as  absurd  to  suppose  that  the  purchase  and 
use  by  the  British  government  of  the  Stearns  duplex,  the  Edison 
quadruplex  and  the  Delany  synchronous  multiplex — all  Morse 
systems — was  due  to  the  fact  that  the  Wheatstone  was  not  in  itself 
fast  enough.  That  the  latter  system  would  work  at  the  speed 
hereinbe^re  stated  we  have  unimpeachable  evidence,  and  that  its 
failure  was  not  due  to  imperfect  work  is  also  well  authenticated. 

In  Preece  &  Sivewright's  work  on  the  telegraph  (1891)  page 
163  is  as  follows : 

"Automatic  instruments  are  employed  on  nearly  all  long  cir- 
cuits in  England,  not  only  because  they  increase  the  capacity  of 
wires  for  the  conveyance  of  messages,  but  because  they  are  so 
specially  adapted  for  the  conveyance  of  news,  which  is  such  a 
distinctive  feature  of  the  English  system  of  telegraphy.  One  batch 
of  news  is  often  sent  to  a  great  many  different  places,  and  as  many 
as  four  or  even  eight  slips  can  be  prepared  at  one  operation,  and 
one  slip  can  be  used  several  times,  the  labor  of  preparing  for 
transmission  is  very  much  reduced.  It  is  of  course  evident  that 
apart  from  its  extreme  accuracy  the  chief  value  of  the  automatic 
system  is  its  increased  speed  oi  working." 

In  the  United  States  the  subject  of  fast  speed  telegraphy  very 
early  attracted  attention,  and  nere,  as  in  England,  it  was  then 
concluded  that  once  a  system  was  devised  to  carry  several  hun- 
dreds of  words  per  minute  over  a  wire,  that  a  great  revolution  in 
telegraphy  would  follow,  as  will  be  seen  by  the  following  edi- 
torial in  the  Telegrapher  of  June  26th,  1869. 

"We  have  heretofore  stated  repeatedly  that  we  could  see  no 
way  in  which  the  popular  demand  for  a  material  reduction  of 
tolls  could  be  met  except  by  greatly  increasing  the  transmitting 
capacity  of  the  wires  by  automatic  telegraphing,  by  which  the 
practically  instantaneous  transmission  oi  the  electrical  impulse 
may  be  made  available." 

Another  editorial  in  the  same  journal,  January  1st,  1870,  says, 
"  In  connection  with  the  question  of  a  material  and  permanent 
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reduction  of  the  charges  for  telegraphic  service  we  have  consist- 
ently argued  that  such  reduction  was  onlv  possible  through  a 
very  great  increase  in  the  capacity  of  the  instruments  used  for 
transmitting  communications.  Further  observation  and  reflection 
has  confirmed  tliis  opinion,  any  attempt  otherwise  to  establish 
cheap  rates  notwithstanding  the  one-sided  argument  of  Washburn, 
Gratz  Brown,  Gardiner  Hubbard,  and  other  advocates  of  low 
charges,  and  postal  telegraphs,  must  result  in  loss  to  whoever 
undertakes  the  work  whether  it  be  a  corporation  or  the  govern- 
ment." 

"  To  successfully  accomplish  such  an  increase  of  capacity  as  is 
essential  to  a  material  and  permanent  reduction  of  charges  for 
telegraphic  service,  the  invention  of  a  reliable  automatic  system 
is  indispensable." 

In  1870  a  line  with  one  wire  was  put  up  between  Washington 
and  New  York  by  D.  H.  Craig  and  others,  for  the  purpose  of 
developing  the  automatic  system  of  Mr.  George  Little,  and  ex- 
periments were  made  at  great  expense  until  1872  when  offices 
were  opened  in  December  of  that  year  in  New  York,  Philadelphia 
and  Washington  for  public  business. 

The  subject  about  this  time  appeared  in  a  new  and  more  prac- 
tical light  to  the  editor  of  the  Telegrapher^  as  evidenced  by  an 
editorial  inspired  by  our  late  Past  President  F.  L.  Pope  on  June 
15th,  1872,  referring  to  the  Craig-Little  system  as  follows : 

"While  the  columns  of  the  Telegrapher  have  at  all  times 
been  open  to  the  fullest  and  freest  discussion  of  automatic  tele- 
graphy, we  have  abstained  from  engaging  in  such  discussion  edi- 
torially because  we  did  not  care  to  prejudge  an  experiment  which 
was  being  conducted  energetically  and  with  great  liberality  of 
expenditure  by  the  parties  in  charge." 

"We  have  been  aware  that  in  experimental  trials  very  wonder- 
ful results  have  been  obtained.  We  have  never  doubted  the 
practicability  of  transmitting  signals  over  the  wires  within  certain 
limits  of  distance,  at  any  desired  rate  of  S])eed.  The  principal 
difficulties  and  obstacles  encountered  in  automatic  telegraphy 
are  not  in  the  transmission  of  the  signals ;  they  are  in  the  prep- 
aration  of  the  slips  and  in  the  transition  and  preparation  of 
the  dispatch  for  delivery  when  they  have  reached  their  destina- 
tion, the  practical  limit  of  speed  must  always  be,  not  what  can  be 
transmitted  over  the  wires  in  an  hour,  but  what  can  he  prepared 
for  transmission  and  delivery. 

To  show  to  what  perfection  the  Craig-Little  system  had  arrived, 
I  will  quote  from  a  letter  of  Craig  to  the  editor  of  the  Telegrapher 
dated  Washington,  September  10th,  1870. 

"A  year  ago,  I  bespoke  your  favorable  consideration  of  a  new 
telegraph  enterprise  which  I  had  then  fully  entered  upon,  and 
which  it  gives  me  great  pleasure  to  inform  you  has  now  been 
consummated  in  the  completion  of  a  very  superior  line  of  tele- 
graph of  compound  wire,  steel  and  copper,  and  the  perfecting 
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of  our  new  system  of  automatic  telegraphy  by  means  of  which 
we  are  now  tfansmitting  from  this  citv  to  New  York  and  vice 
versa,  500  words  per  minute  over  one  wire,  a  rate  of  speed  equal 
to  the  average  speed  of  more  than  50  wires  by  the  Morse  system. 
The  perfect  simplicity,  accuracy  and  reliability  of  the  new  system 
is  not  less  remarKable  than  the  wonderful  speed  above  stated." 

"We  can  by  our  new  system  transmit  intelligence  direct  and 
with  one  writing  from  this  city  to  every  other  city  and  directly 
into  the  editorial  rooms  of  every  journal  in  the  country  at  the 
rate  of  500  words  per  minute  recording  the  same  in  clear,  dis- 
tinct, and  perfectly  accurate  characters. 

In  September,  1870,  the  President  of  the  Western  Union 
Telegraph  Company  challenged  Craig  for  $1,000  to  transmit  a 
message  of  2,000  words  from  Washington  to  New  York  under 
the  following  conditions. 

"The  Western  Union  will  use  but  one  wire  and  employ  but 
two  operators — one  at  each  end — who  will  not  be  changed  or 
relieved  during  the  trial.  Mr.  Craig  shall  be  allowed  six 
operators — three  at  Washington  to  prepare  and  transmit,  and 
three  at  New  York  to  receive  translate  and  copy  the  dispatch  ; 
and  whichever  party  transmits,  makes  three  legible  copies  and 
first  delivers  them  at  the  offices  of  the  Herald^  World  and 
Tribu7ie  respectively,  shall  receive  the  $2,000.  The  Western 
Union  will  place  at  Craig's  disposal  two  extra  wires  so  arranged 
that  one  of  them  may  be  substituted  for  his  own  in  a  few 
seconds." 

This  challenge  was  never  accepted.  Craig,  however,  made  an 
evasive  one  on  September  3,  1870,  that  the  President  of  the 
Western  Union  Telegraph  Company  should  join  him  in  dejwsit- 
ing  $10,000  with  some  acceptable  party  and  if  after  twelve 
months  and  for  five  years  thereafter  Craig  did  not  earn  and  pay 
to  his  stockholders  10  per  cent,  of  the  dividends,  for  every  one 
per  cent,  that  may  be  earned  and  paid  by  the  Western  Union,  it 
could  claim  Craig's  deposit." 

On  January  7th,  1871,  George  Little,  the  inventor,  published 
in  the  Telegrapher  a  statement  that  it  was  a  fact  that  2,000  or 
more  words  per  minute  could  be  transmitted  over  a  No.  8  iron 
wire  250  miles  long. 

On  February  3,  1872,  an  adverse  critic  in  the  Telegrapher 
states : 

"On  the  27th  of  September,  1870,  a  dispatch  of  566  words 
was  sent  from  Washington  to  Buffalo,  dropping  copies  at  New 
Y^'ork  and  Albany  in  one  minute  and  twenty-eight  seconds  being 
at  the  rate  of  386  words  per  minute  in  a  circuit  of  about  750 
miles." 

On  June  5th,  1872,  Craig  states  in  a  letter  to  the  Telegrapher 
"between  August  and  November,  1870,  we  telegraphed  by  our 
automatic  system  over  our  single  wire  between  Washington  and 
New  York  more  than  60,000  words  per  hour,  and  recorded  the 
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same  accurately  in  clear  black  telegraph  characters,"  also  that  he 
had  perfected  perforating  machines  and  typewriters,  also  a  lees 
rapia  perforator  which  can  be  worked  at  signt  by  a  child  and  is 
capable  of  perforating  80  words  a  minute,  to  be  used  by  business 
men  in  way  oflSces  on  side  lines,  and  under  date  December  23d, 
1 872,  he  wrote  to  the  editor  of  the  Telegrapher  claiming  that  all 
Craig's  prophesies  were  met,  and  that  he  had  a  perforator  by 
which  one  operator  could  do  over  J  00  words  per  minute,  also  that 
he  could  transmit  and  record  over  one  wire  over  300  miles  long 
and  by  the  aid  of  two  girls  1,500  words  per  minute  in  good  or 
bad  weather  and  could  transmit  more  matter  over  a  single  wire 
and  by  the  aid  of  two  girls  than  the  Western  Union  Telegraph 
Company  could  transmit  over  60  of  its  Morse  wires  with  the 
aid  of  120  high  salaried  operators. 

This  was  asserted  over  18  years  ago,  and  yet  the  Morse  operat- 
ors flourish,  and  are  to-day  working  by  Morse  system  the  very 
wires  that  figured  so  seriously  from  that  time  to  the  present  in 
quixotic  automatics. 

In  December,  1873,  it  was  stated  that  the  President's  message 
of  about  12,000  words  had  been  punched  and  was  transmitted 
from  Washington  to  New  York  in  about  20  minutes  in  the  pres- 
ence of  notable  government  ofiicials. 

Taking  Craig's  lowest  speed  of  500  words  per  minute,  between 
Washington  and  New  York,  it  is  easily  figured  that  his  system 
could  transmit  b,000  messages  of  30  words  each  in  8  hours,  while 
the  best  the  Western  Union  Telegraph  Company  was  doing  upon 
its  entire  system,  embracing  137,199  miles  oi  wire  was  40,000  30- 
word  messages  per  day  of  24:  hours. 

This  Craig  and  Little  system  expired  from  natural  causes  in 
the  arms  of  the  Atlantic  and  Pacific  Telegraph  Company  in 
1875.  Craig  in  1879  organized  another  macnine  telegraph  sys- 
tem and  started  the  American  Rapid  Telegraph  Company  which 
put  about  two  million  dollars  cash  in  a  very  extensive  plant  with 
compound  copper  coated  wires  between  New  York,  and  Boston, 
Philadelphia,  Baltimore,  Washington,  Pittsburg,  Albany,  Buffalo,^ 
Cleveland  and  intermediate  places.  The  very  best  mechanicians 
and  telegraph  electricians  were  employed,  and  between  New 
York  and  Boston  500  words  per  minute  could  be  transmitted 
and  recorded  with  perfect  legibility.  The  new  system  was  in  a 
high  state  of  efficiency,  its  operators  and  clerks  were  highly 
skilled.  Anderson  keyboard  perforators  were  used,  and  all 
copies  were  made  upon  typewriting  machines.  In  a  test  for 
eight  days  April  5th  to  April  i5th  inclusive,  1884,  3131  ordin- 
ary telegrams  were  transmitted  between  New  York  and  Boston 
occupying  30  hours  and  4G  minutes,  or  at  the  rate  of  104  30-word 
messages  per  hour  or  52  words  per  minute. 

The  American  Rapid  Telegraph  Co.  was  cocksure  of  effecting 
the  revolution  in  telegraphy  predicted  by  Craig,  and  with  great 
confidence   had  reduced   the  rate   to  15  cents  for  twenty  words, 
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addresses  and  signatures  free,  bat  it  was  soon  found  that  the 
telegraphing  public  would  not  patronize  the  automatic  system  on 
account  of  its  slowness  in  delivering  messages,  and  Morse  sound- 
ers were  necessary  to  secure  any  business  from  a  public  only  too 
anxious  to  favor  competition.     The  "Rapid"  system  involved  its 

Jromoters  in  financial  disaster,  and  was  entirely  abandoned  in 
uly,  188+,  as  I  know  personally  for  the  foregoing  reasons,  and 
not  from  its  inability  to  record  the  electric  signals  fast  enough, 
as  it  would  record  legibly  1,000  words  per  minute  between  New 
York  and  Boston. 

The  Postal  Telegraph-Cable  Company  started  the  Leggo  au- 
tomatic system  in  1881  upon  two  electro-copper-deposited  steel 
wires  New  York  to  St.  Louis  via  Chicago,  two  New  York  to 
"Washington,  two  Buffalo  to  Pittsburg,  including  all  the  heavy 
commercial  cities  of  this  countrv.  These  wires  had  a  resistance  of 
\-^  ohms  per  mile  and  were  isolated  from  all  other  wires.  These 
wires  have  never  been  equaled  the  world  over.  Kates  were  re- 
duced, as  it  was  a  foregone  conclusion  with  the  promoters,  that 
an  automatic  system  that  would  carry  over  1000  words  and  record 
them  in  a  thoroughly  reliable  manner,  between  New  York  and 
Chicago,  (which  tlie  Leggo  system  did)  and  which  needed  no 
comphcated  perforating  machines,  would  not  only  attract  all  the 
Western  Union  traffic  oetween  these  points  but  would  also  to  a 
lar^e  extent  empty  the  mail  bags.  After  the  stocks  and  bonds 
had  been  floated  and  hundreds  of  thousands  of  dollars  expended 
for  machinery,  it  was  found  that  sufficient  business  could  not  be 
secured  unless  it  was  transmitted  by  the  Morse  system,  and  at  the 
low  rates  established,  it  would  be  done  at  a  great  loss  with  such 
a  limited  number  of  wires,  so  another  expensive  bubble,  includ- 
ing the  company,  burst. 

In  1883  the  Western  Union  Company  introduced  the  Wheat- 
stone  system  from  England,  although  perfectly  well  aware  of  the 
speed  of  the  automatic  system  that  nad  been  perfected  in  the 
United  States.  It  was  found  that  the  Wheatstone  system  could 
only  be  employed  as  an  adjunct  to  the  Morse,  and  but  eight 
Wheatstone  circuits  were  put  in  operation  and  to  these  was  as- 
signed a  class  of  slow  freight  business.  In  cases  where  it  was 
attempted  to  do  a  general  business  between  commercial  cities  the 
public  would  withdraw  its  business  in  favor  of  a  Morse  trans- 
mission. After  the  lapse  of  fifteen  years,  only  six  Wheatstone 
circuits  are  being  operated  by  the  Western  Union  Telegraph 
Company.  Thev  are  all  duplexed  and  have  a  total  actual  regular 
working  speed  both  ways  of  1600  words  per  minute.  Upon  the 
basis  01  computation  usually  resorted  to  by  automatic  advocates 
it  is  easy  to  see  that  about  70  such  circuits  in  use  only  10  hours 
of  every  week-day,  will  carry  all  the  business  of  the  Western 
Union  Telegraph  Company. 

In  referring  to  the  Telegraph  Age  of  December  16th,  1894, 
we  find  a  record  of  a  test  made  Oct.  16th,  1893,  of  the  Wheat- 
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stone  upon  a  Western  Union  wire  having  a  carrying  capacity  of 
400  words  per  minute  both  ways  between  New  York  and  Chicago 
(972  miles)  between  9  a.  m.  and  5.30  p.  m.  a  total  of  5563  regular 
messages  were  transmitted  at  the  rate  of  654^  per  hour  or  327 
words  per  minute. 

It  required  27  punchers,  22  copyists,  4  clerks,  and  two  elec- 
trical engineers  or  a  total  of  55  persons  making  13^  messages  per 
hour  per  operator. 

The  punchers  at  their  best  speed  averaged  24  messages  per 
hour,  the  copyists  30 ;  average  delay  on  each  message  m  New 
York  was  15  minutes,  in  Chicago  16  minutes. 

This  test  was  during  the  World's  Fair  and  a  highly  trained 
corps  of  operators  was  keyed  up  to  its  highest  pitch  to  obtain 
results  that  would  astonish  the  foreign  representatives. 

On  December  21st,  1896,  on  a  postal  duplex  Morse  circuit  be- 
tween New  York  and  Pittsburg  there  were  341  regular  messages 
containing  10,216  words  received  at  New  York  in  5  hours  or  68^ 
messages  per  operator  per  hour,  and  two  hundred  messages  con- 
taining 5605  words  received  in  Pittsburg  in  3  hours  or  ()6f  mes- 
sages per  operator  per  hour,  or  a  total  of  135  messages  per  hour 
for  two  sending  and  two  receiving  operators  or  about  34  mes- 
sages per  operator  per  hour  as  against  13^  by  the  above  Wheat- 
stone  test. 

Thus  19 J  Morse  operators  could  have  accomplished  on  two 
quadruplexed  wires,  and  one  duplexed  wire,  as  much  as  the  53 
SKilled  persons  accomplished  in  the  before  mentioned  Western 
Union  Wheatstone  test. 

In  1891  Za  Lumiere  EUctriqiie  published  a  statement  that  in 
the  daily  operation  of  the  French  government  telegraphs,  the 
Wheatstone  averaged  a  total  of  200  messages  per  hour  at  the 
rate  of  11  messages  per  operator  per  hour,  and  tne  Morse  quad- 
ruplex  160  per  hour  or  20  messages  per  operator  per  hour. 

The  Morse  sounder  system  is  far  and  away  the  simplest  and 
most  accurate  of  all  methods  of  telegraph  transmission,  for  the 
reason  that  the  sending  operator  need  not  remove  his  eyes  from 
the  matter  that  is  passing  out  at  the  ends  of  his  fingers,  via  the 
key,  to  the  distant  station,  and  there  is  not  the  slightest  mental 
effort  necessary  to  secure  a  ready  response  of  the  key  to  the 
necessary  dots  and  dashes  that  represent  the  words  and  letters  of 
the  message ;  and  likewise  at  the  distant  end,  the  eyes  of  the  re- 
ceiving operator  do  not  move  away  from  the  keyboard  of  the 
typewriter,  or  the  page  traversed  by  the  pen,  as  the  hands  re- 
spond without  mental  effort  to  the  sounds  impressed  upon  the 
ear.  Not  so  with  any  automatic  system  (excepting  perhaps  the 
Leggo  to  the  extent  of  preparing  the  messages)  that  has  ever 
been  proposed.  The  eyes  must  constantly  be  in  rapid  motion 
between  the  copy  being  prepared  for  transmission,  and  the  ma- 
chine that  puncnes  or  prepares  it,  and  in  this  case  the  eyes  are 
very  apt  in  returning  to  the  matter,  to  fall  upon  the  wrong  letter, 
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word,  or  line,  or  get  confused  and  blurred  from  an  infinite  num- 
ber of  excursions  nourly,  and  thus  errors  unconsciously  creep  in, 
besides  a  slowing  down  of  the  human  action.  The  same  is  true 
in  a  more  marked  degree  as  to  the  copying  from  the  automatic 
record.  The  eyes  of  the  copyist  have  to  fly  back  and  forward 
between  the  keyboard  of  the  typewriter  and  the  record  upon  the 
tape  and  are  subject  to  the  same  liability  of  aberration  as  in  the 
preparation. 

In  a  public  address  by  M.  J.  Banneux,  Chief  Engineer  of  the 
Belgian  postal  telegraphs,  he  said  that  the  Cook  andWheatstone 
needles  that  were  first  introduced  in  Belgium  had  been  sup- 
planted by  the  Morse  system  which  was  destined  to  progressively 
dethrone  every  other,  as  it  was  the  acme  of  simplicity. 

In  my  opinion  the  grade  of  skill  necessary  to  successfully 
operate  an  automatic  system  is  as  high,  if  not  higher  than  the 
skill  required  for  the  same  class  of  business  by  Morse,  the  wear 
and  tear  per  message  upon  the  automatic  operator  being  greater. 
The  floor  space  necessary  in  an  operating  room  to  accomodate  an 
automatic  system  would  require  to  be  quite  double  that  for  Morse 
of  equal  capacity  to  handle  the  traflic  expeditiously  before  and 
after  transmission,  a  very  serious  matter  in  large  cities. 

The  automatic  system  involves  the  consumption  of  large 
quanties  of  very  expensive  and  special  paper  for  both  preparing 
and  recording,  not  required  by  tne  Morse,  and  the  first  cost  of 
maintenance  and  management  of  automatic  machinery  for  all 
known  or  proposed  systems  is  much  greater  than  for  Morse. 

The  dimculty  of  securing  prompt  explanation  or  corrections 
between  automatic  stations  has  been  a  most  serious  drawback. 

The  Wheatstone  electro-magnetic  recorder  survives  all  the 
faster  chemical  systems,  because  it  preserves  a  permanent  ink 
record,  and  possesses  a  greater  working  margin  upon  the  wires 
under  existmg  conditions,  and  is  capable  of  being  worked 
duplex. 

There  will  be  large  loss  of  wages  through  the  idleness  of  em- 
ployes during  an  interruption  to  the  wires  from  storms  or  other 
causes  upon  an  automatic  system  normally  worked  to  full 
capacity. 

Mr.  Craig,  in  his  pamphlet  on  machine  telegraphy  August, 
1888,  among  other  things  that  he  had  dressed  up  in  his  most 
attractive  style  to  allure  capitalists  or  the  government  to  buy  his 
system,  advocated  the  use  of  his  keyboard  perforators,  by  patrons 
of  the  new  system,  to  prepare  their  own  messages,  and  send 
them  to  the  general  telegraph  office,  where  they  would  be  trans- 
mitted at  the  rate  of  from  500  to  2,000  words  per  minute,  and 
if  their  correspondents'  clerks  or  typewriters  at  the  distant  city 
can  translate  the  telegraphic  characters,  the  slips  would  be  directly 
delivered  to  such  correspondents  and  the  cost  would  be  but  little 
more  than  the  government  would  charge  for  a  specially  deliv- 
ered letter. 
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This  is  the  most  attractive  feature  that  so  far  as  has  been 
urged  by  the  advocates  of  automatic  telegraphy,  and  it  has  ap- 
pealed powerfully  to  both  the  non-technical  public  and  to  those 
paternal  members  of  the  government  and  congress  who  seem  to 
think  that  the  public  greatly  needs  to  have  its  letters  carried  by 
telegraph,  and  that  a  machine  that  will  shoot  3,000  words  per 
minute  will  accomplish  the  object  al  nearly  postage  rates.  Here 
we  are  compelled  to  depart  from  the  results  oi  experience,  to 
probabilities  founded  upon  experience. 

A  large  merchant  in  attempting  to  carry  out  Craig's  plan 
would  need  a  combined  perforating  machine  and  typewriter  so 
that  the  letter-message  being  copied  from  the  stenographer's 
notes  for  telegrapic  transmission  would  be  simultaneously  pre- 
pared on  the  automatic  slip  and  copied  by  the  typewriter  for  the 
files,  and  also  for  the  patron  to  see  what  he  was  sending  away. 
Every  error  of  the  clerk  in  copying  from  the  stenographer's 
notes  or  in  striking  wrong  keys,  would  necessitate  cutting  and 
patching  the  automatic  tape  or  leaving  it  with  a  jumbled  up  mess 
of  errors  and  corrections  to  go  over  the  wire.  The  clerk  must 
be  as  highly  trained  as  Wheatstone  punchers  with  years  of  daily 
training  in  order  to  copy  720  words  per  hour  on  an  average  of 
messages  averaging  30  words  each,  and  at  this  rate  the  shorthand 
characters  must  be  as  readable  as  the  writing  in  ordinary 
messages. 

The  prepared  tapes  must  be  upon  reels  ready  for  the  trans- 
mitter, and  sent  to  the  central  station  by  letter  carrier  or  messen- 
fer,  and  it  is  not  likely  that  important  messages  would  merely 
e  thrown  in  the  reel  receptacle  at  such  station  with  thousands 
of  reels  from  various  firms.  Each  reel  must  have  an  address 
upon  it  so  the  central  station  could  tell  where  to  send  the  mes- 
sage, and  only  messages  for  one  place  could  go  on  one  reel. 

rhe  distant  central  station  must  have  clerks  to  decipher  the 
addresses  of  every  message  upon  the  tapes  and  place  those  for 
each  person  or  firm  on  a  separate  reel  properly  addressed.  These 
reels  are  delivered  to  the  proper  parties  by  letter  carrier,  and 
clerks  are  set  to  work  to  translate  the  characters  into  English 
upon  the  typewriter  which  can  be  done  at  an  average  of  900 
words  per  hour  by  a  clerk  equally  as  skilled  as  a  first  class 
Wheatstone  copyist  trained  by  years  of  practice,  provided  the 
characters  on  tne  tapes  were  as  easily  deciphered  as  those  em- 
ployed on  Wheatstone.  If  patrons  desired  to  maintain  secrecy 
by  the  use  of  a  cipher  code  it  would  slow  down  the  work  many 
times,  as  any  practical  mind  will  readily  understand. 

The  machines  used  to  prepare  and  record  the  messages  in  the 
sender's  office  would  be  very  complicated  and  costly,  not  less  if 
made  in  large  lots  than  $150  to  $200  each,  and  a  patron  doing  a 
large  business  would  need  several  of  them,  together  with  high 
priced  clerks  to  operate  them,  and  in  his  correspondent's  office 
at  the  receiving  end  one  clerk  would  be  required  for  every  900 
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words  per  hour  to  translate  and  copy  the  moroing  telegraphic 
mail,  to  say  nothing  of  the  desultory  reels  that  would  arrive 
during  the  day. 

In  the  event  of  an  interruption  to  the  wires  during  the  night, 
the  messages  would  encroach  upon  the  day  service  and  cause 

Seat  confusion.  Of  course  when  long  letters  were  transmitted, 
e  above  rates  of  preparing  and  copying  could  perhaps  be 
doubled  in  the  case  oi  highly  trained  clerks,  out  taking  the  thick 
with  the  thin,  the  figures  given  I  am  convinced  would  be  found 
in  actual  practice  to  be  too  high,  just  as  no  telegraph  company 
at  present  realizes  a  daily  average  transmission  of  98  30-word 
messages  per  hour  per  sending  operator  upon  the  busiest 
circuits. 

It  is  obvious  that  the  central  stations  could  not  keep  a  lot  of 
idle  clerks  and  machines  to  come  to  the  rescue  of  the  patrons  to 
take  care  of  irregular  matter  or  to  till  in  the  absence  of  their  sick 
or  tardy  clerks. 

Increasing  the  means  of  quickening  and  cheapening  the  trans- 
mission of  messages  is  not  followed  by  a  general  and  propor- 
tional increase  in  their  number.  This  is  the  experience  oi  all 
countries  including  England  where  the  governments  Jiave  as- 
sumed to  do  the  business  at  low  rates.  Any  large  increase  to  the 
number  of  mess€iges  transmitted  under  the  stimulation  of  lower 
rates  has  been  found  to  pertain  to  the  regular  class  of  commer- 
cial institutions  and  firms  of  the  country  and  the  newspapers 
that  do  the  great  bulk  of  telegraphing. 

It  is  very  uncertain  to  what  extent  the  public  would  withdraw 
communiciitions  from  the  mail  and  transmit  them  by  telegraph. 
I  do  not  believe  the  amount  would  be  very  considerable,  even  if 
the  telegraph  processes  were  such  as  to  admit  of  extremely  low 
tolls,  as  letters  are  absolutely  confidential  and  are  largely  in  such 
shape  for  account  and  record  purposes  that  no  electrical  trans- 
mission and  reproduction  is  possible. 

To  sum  up  1  think  it  has  been  shown  that  there  is  a  traffic 
limit  to  the  availibility  of  an  automatic  system  of  about  103 
words  per  minute  for  ordinary  telegrams  in  one  direction  ;  that 
it  will  cost  over  twice  as  much  to  prepare  a  given  number  of 
ordinary  telegrams  for  automatic  transmission  as  it  will  to  send 
them  by  Morse,  and  it  will  cost  over  twice  as  much  to  record 
them  on  the  typewriter  by  automatic  than  by  Morse,  provided 
the  operators  are  paid  according  to  their  respective  grade  of 
skill. 

Inasmuch  as  commercial  exchanges  and  large  business  concerns 
insist  on  quick  delivery  during  the  business  hours  of  the  day,  the 
use  of  any  automatic  system  for  such  traffic  has  been  absolutely 
out  of  the  question.  T^he public  demands  for  pi-ompt  transmission 
has  compelled  a  constant  increase  of  Morse  wires  worked  either 
single,  duplex  or  quadruplex,  which  during  the  night  afford  more 
carrying  capacity  by  Morse  method  than  it  is  possible  to  get 
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business  to  fill  at  remunerative  rates.  The  cost  of  managers^ 
chief  operators,  operators  and  clerks  is  about  44  per  cent,  of  the 
total  expense  of  transacting  a  general  telegraph  business,  under 
the  most  economical  management.  So  that  if  it  were  possible  to 
prepare^  transmit  by  automatic  system  and  copy  for  delivery 
during  the  night,  large  batches  of  mailable  matter  at  a  price  that 
would  about  pay  for  such  preparation  and  delivery,  the  tolls  for 
the  commercial  day  work  would  have  to  be  high  enough  to  bear 
the  entire  56  per  cent,  general  expense  of  the  whole  telegraph 
system  besides  depreciation  and  interest  on  investment. 

Dr.  a.  E.  Kennelly  : — The  question  of  rapid  telegraphy  has 
two  aspects,  the  engineering  and  the  commercial.  I  suppose  that 
we  may  assume  as  a  purely  engineering  problem,  that  any  de- 
sired speed  oyer  a  thousand  mile  circuit  can  be  attained  up 
to  2,000  words  per  minute,  provided  that  expense  is  no  object. 
That  is  twice  as  high  as  the  speed  which  Mr.  Jones  tells  us  has 
actually  been  reacned  between  New  York  and  Chicago.  The 
paper  before  us  suggests  a  particular  means  of  carrying  out  a 
speed  such  as  this,  viz.,  a  method  based  upon  the  use  of  an  auto- 
matic current  transmitter,  with  special  tape  and  contact  devices, 
and  also  .upon  the  use  of  a  special  form  of  receiver.  I  do  not 
think  that  the  particular  kind  of  transmitter  and  receiver  sug- 

fested  in  the  paper  is  of  any  consequence  to  the  general  problem, 
n  the  first  place,  it  is  not  necessary,  so  far  as  1  can  see,  to  em- 
ploy an  alternating-current  transmitter.  That  is  only  one  form 
out  of  a  number  oi  forms  that  have  been  devised.  It  is  not  neces- 
sary to  employ  a  photographic  device  of  the  type  described,  be- 
cause that  is  a  difficult  instrument  to  handle  and  it  must  evi- 
dently require  considerable  skill.  Moreover,  I  should  suppose  it 
would  place  a  large  amount  of  inductance  in  the  receiving  instru- 
ment. In  such  work  as  I  have  done  on  apparatus  employing 
polarized  light,  I  have  generally  found  that  a  large  amount  of 
magnetic  force  was  required,  a  great  number  of  ampere-turns, 
ana  that  suggests  a  high  inductance  at  the  very  worst  place 
in  a  high-speed  circuit  to  receive  it,  namely,  at  the  receiving  ter- 
minal. Still  it  is  interesting  to  see  that  the  authors  have  been 
able  to  secure  records  of  very  high  speeds,  and  as  an  experi- 
mental investigation  it  is,  no  doubt,  a  very  interesting  matter, 
though  as  regards  actual  practical  telegraphy  I  should  tliink  that 
some  modification  of  the  Bain  instrument  would  be  very  much 
siinpler  to  construct,  operate  and  introduce. 

The  commercial  question  is,  of  course,  the  one  which  controls 
in  this  matter.  If  you  have  a  very  high  i*ate  per  word  you  will, 
of  course,  have  a  very  small  number  of  messages.  If  your  rate 
is,  say,  a  cent  per  word,  then  it  is  a  matter  of  general  experience, 
that  if  you  make  the  rate  just  one-half  a  cent  per  word,  you  will 
not  get,  at  the  outset  at  least,  double  the  traffic,  no  matter  what 
it  has  cost  you  to  improve  the  system  to  accomodate  the  increase 
of  traffic.     That  has  been  true  in  cable  and  in  land  telegraphy. 
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I  do  not  say  that  you  will  not  ultimately  get  the  increased  traffic 
— I  think  you  will — but  in  the  meantime,  while  the  experiment 
is  being  performed,  you  have  to  face  a  loss  of  income.  At  the 
present  rates  of  telegraphy  only  important  communications  can 
be  commercially  sent.  We  do  not  send  letters  that  way  because 
it  would  be  too  expensive.  I  do  not  think  there  would  be  any 
doubt,  if  we  got  in  the  habit  of  writing  oQr  letters  by  telegraph, 
that  the  telegraph  people  would  eventually  find  means  to  handle 
the  traffic  which  would  result.  I  do  not  believe  that  they 
would  continue  to  do  so,  in  that  event,  by  merely  reduplicating 
Morse  circuits.  I  do  not  doubt  that  when  they  had  to  handle 
many  times  the  traffic  that  they  have  now  they  would  continue 
to  handle  it  by  other  means  than  by  the  ordinary  Morse  system. 
A  time  would  come  when  the  reduplication  of  Morse  circuits  and 
operators  would  be  so  great  that  tney  would  find  it  to  their  ad- 
vantage to  introduce  an  automatic  system.  Just  when  that  time 
will  come,  of  course,  I  cannot  say.  It  has  been  the  experience 
hitherto  that  when  the  traffic  exceeds  a  certain  rate,  the  Morse 
system  has  been  unable  to  deal  with  the  traffic,  and  an  automatic 
system  has  been  adopted.  The  automatic  system  used  has  been 
the  Wheatstone  system.  If  the  traffic  were  again  increased  in 
corresponding  ratio,  however,  even  the  Wheatstone  would  be  un- 
able, no  doubt,  to  meet  the  demand,  and  a  still  more  rapid  system 
would  be  called  into  existence.  But  I  still  believe  that  if  the 
necessity  existed,  that  if  we  were  accustomed  to  send  our  mail 
through  the  wii-es,  the  telegraphic  system  would  readjust  itself 
so  as  to  handle  the  business.  Commercially,  the  telegraph  system 
might  at  first  be  placed  at  a  considerable  loss,  because  the  public 
would  have  to  do  their  own  punching  and  translatiotj,  and  this 
education  of  the  public  is  a  slow  and  expensive  process.  Whether 
we  shall  see  it  in  the  future  is  a  matter  whicli  only  the  future 
can  tell.  It  is  a  grand  possibility  that  we  could  send  our  letters  to 
a  telegraph  office  and  get  them  sent  over  the  wires  instead  of 
waiting  tor  the  locomotive  to  carry  them.  It  is  only  a  question 
of  time  and  commercial  necessity  when  it  shall  become  accomp- 
lished. 

Mr.  p.  B.  Deijlny  :  It  is  always  interesting  to  a  telegrapher 
to  hear  from  Mr.  Jones,  especially  in  a  historical  way.  Hia 
resume  of  the  telegraph  is  always  very  entertaining.  I  presume 
from  his  standpoint  of  a  Morse  telegrapher  that  he  aims  to  be 
perfectly  just  and  fair.  Before  referring  to  the  paper  which  is 
up  for  discussion  I  would  like  to  review  in  a  very  brief  way 
some  of  the  statements  advanced  by  Mr.  Jones  regarding  the: 
telegraph  both  from  a  practical  and  a  commercial  standpoint. 
He  goes  back  to  1 857  and  the  6()'s,  and  quotes  the  Bain  system 
in  its  state  of  development  at  that  period  as  an  evidence  that  there 
is  no  necessity  at  the  present  time  for  machine  telegraphy. 
Everybody  who  ha«  studied  the  subject  must  know  that  at  the 
beginning  of  Bain's  experiments  the  chemical  paper  which  he 


146        CHEUOHK  AND  SQUIBB  ON  SYNCHRONOGRAPU.     [May  18, 

used  for  recording  was  evanescent,  and  would  fade  out  in  a  few 
moments,  that  his  perforating  machine  and  all  his  apparatus  was 
very  crude  and  that  in  almost  every  respect  his  plan  was  practi- 
cally inoperative. 

To  prove  that  ffood  automatics  have  no  more  show  than  poor 
ones,  Mr.  Jones  tnen  goes  to  the  Wheatstone  system  and  does  it 
certainly  full  justice  in  regard  to  its  merits  of  speed.  I  have 
watched  the  Wheatstone  system  in  England  personally  for  a 
long  time,  and,  while  the  speed  Mr.  Jones  refers  to  may  be  ob- 
tained on  special  occasions  and  under  special  conditions,  I  am 
prepared  to  state  that  in  its  practical  operation  it  falls  at  least 
fifty  per  cent,  below  the  speed  he  has  ascribed  to  it.  As  to  the 
accuracy  of  the  "Wheatstone  system  or  of  automatic  telegraphy 
in  general  he  rather  impugns  it,  and  says  that  it  is  not  as  correct 
ana  reliable  as  sound  readinff.  I  would  remind  Mr.  Jones  that 
where  speed  is  not  the  mam  consideration,  as,  for  instance,  in 
cable  telegraphy,  the  Wheatstone  system  is  used  and  preferred 
on  account  of  its  accuracy.  There  is  no  class  of  telegraphy  that 
requires  the  same  degree  of  accuracy,  or  makes  a  greater  de- 
mand upon  reliable  and  capable  operators,  owing  to  the  fact  that 
the  messages  are  composea  almost  exclusively  of  code  words  or 
of  cipher,  having  no  text  to  guide  the  operator,  the  alphabet 
being  as  it  were,  thrown  together  promiscuously  like  pied  type. 
In  every  instance,  with  the  exception  of  three  cables  crossing  the 
Atlantic,  out  of  the  eleven  that  are  in  operation,  the  Wheatstone 
system  or  some  system  similar  to  it,  with  slight  modification,  is 
used,  and  yet  witli  the  exception  of  one  or  two  cables,  operators 
are  able  to  transmit  as  fast  by  hand  as  the  cables  will  take  it,  but 
nevertheless  the  Wheatstone  system  is  used  because  of  its  uni- 
formity in  signaling  to  which  higher  speed  is  incidental.  Even 
the  business  transmitted  from  London  to  the  cable  stations  is 
sent  by  the  Wheatstone  system.  And  as  regards  the  difliculties 
of  translation  from  the  tape,  compared  to  tlie  ease  with  which 
translation  is  made  from  a  sounder  to  which  Mr.  Jones  refers, 
the  leading  cable  company,  the  Anglo-American,  punches  the 
messages  from  the  received  Wheatstone  tape  at  Valencia  with- 
out any  intermediate  translation  by  typewriter  or  manuscript. 
Having  spent  several  weeks  at  the  latter  station  conducting  some 
experiments  I  had  ample  opportunity  to  study  the  operations 
of  this  system  under  most  trying  circumstances,  and  was  in- 
formed by  the  operators  that  they  would  much  prefer  to  com- 
pose messages  on  the  tape  or  re-transmit  by  hand  into  the  cable 
from  a  WTieatstone  tape,  than  from  the  manuscript  of  their 
brother  operators. 

Now  as  regards  the  post  oflice  business  in  England,  and  the 
deficit  which  Mr.  Jones  says  accumulates  from  year  to  year,  it  is 
well  understood  in  England  at  least  that  the  post  ofiice  and  tele- 
graph departments  do  not  agree  in  regard  to  the  manner  in  which 
Uie  accounts  of  the  two  departments  are  kept.     But  assuming 
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that  the  post  office  department  did  justice  to  the  telegraph 
department,  Mr.  Jones  neglected  to  state  that  there  is  a  large 
volume  of  railway  business — I  will  not  state  what  proportion  it 
bears  to  the  whole — but  I  might  venture  to  state  that  it  repre- 
sents at  least  five  or  six  per  cent,  in  value  which  goes  free.  And 
furthermore  that  the  charge  of  one  shilling  for  75  words  during 
the  day,  and  100  words  for  a  shilling  at  night  and  twopence  for  drop 
press  messages,  is  only  made  possible  by  the  use  of  the  Wheat- 
stone  system,  and,  if  the  rate  charged  for  press  work  in  England 
approximated  the  charge  in  America,  together  with  the  free 
railway  business,  if  it  was  charged  for,  tlie  British  telegraph 
whold  be  self-sustaining  if  not  profitable. 

Mr.  Jones'  next  comes  to  automatic  telegraphyin  America.  I 
was  connected  with  the  experiment  between  Washington  and 
New  York  that  he  refers  to,  and  500  words  a  minute  were  trans- 
mitted. We  thought  at  that  time  and  we  were  justified,  con- 
sidering the  state  of  the  art,  that  the  signals  were  very  good, 
especially  in  face  of  the  fact  that  the  then  electrician  ot  the 
Western  Union  Telegraph  Company  staked  his  reputation  on 
the  statement  that  it  was  impossible  to  send  more  than  60  words 
a  minute  over,  I  think,  100  miles  of  line.  Mr.  Jones  with  his 
experience  certainly  understands  that  improvements  or  innova- 
tions, as  you  might  call  them,  have  never  been  welcomed  by  the 
controlling  telegraph  company,  that  the  duplex  had  a  long 
battle  before  it  was  adopted  by  the  Western  Union  Telegraph 
Company,  and  its  inventor  had  to  create  an  opposition  telegraph 
line  for  the  purpose  of  forcing  it  upon  their  notice;  that  tne 
quadruplex  system  of  which  he  speaks  so  favorably,  even  after 
tne  Western  Union  took  it  over,  was  held  in  abeyance  for  weeks 
until  the  managers  of  the  company  told  the  operators  that  unless 
they  worked  the  system  they  would  get  others  who  would,  that 
is,  in  other  words,  if  they  did  not  make  it  work  and  lay  aside  their 
prejudices  they  would  be  dismissed.  That  is  the  history  of  the 
ouadruplex  system,  and  yet  according  to  a  statement  of  the  presi- 
dent of  the  Western  Union  Telegraph  Company,  five  or  six  years 
ago,  if  the  artificial  circuits  created  by  the  quadruplex  system  had 
to  be  reproduced  in  the  actual  wires,  or  tne  facilities  that  they 
afforded  had  to  be  duplicated,  it  would  cost  the  company  eleven 
or  twelve  million  dollars. 

Coming  back  to  the  automatic  system  of  the  original  automatic 
company  in  this  country,  Mr.  Jones  says  it  lived  its  natural  course 
and  then  died.  I  know  what  became  of  that  company.  A  tele- 
graph magnate  of  the  time  paid  one  man  connected  with  it  who 
had  a  basis  or  foundation  patent  in  his  own  name,  and  unassigned 
to  the  company  $120,000  for  it,  after  having  agreed  to  pay  the 
automatic  company  about  $3,000,000  for  tlie  system,  which  he 
failed  to  do,  and  that  same  system  was  turned  over  to  the  At- 
lantic and  Pacific  Telegraph  Company,  or  the  Western  Union 
Telegrapli  Company  eventually,  for  between  three  and  four  mil- 
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lions  of  dollars.  Not  such  a  bad  investment  for  a  system  that 
was  not  good.  I  am  quite  familiar  with  all  of  Mr.  Craig's  state- 
ments and  claims  for  automatic  telegraphy,  and  I  think  Mr.  Jones 
will  agree  with  me  that  no  telegrapher  in  this  country  or  any 
other  ever  accepted  Mr.  Craig,  from  whom  he  quotes  so  copiously, 
as  a  technical  authority  in  telegraphic  matters,  nor  did  Mr.  Craig 
claim  it.  The  American  Rapid  Telegraph  Company,  which  was 
the  last  automatic  company  in  operation  in  this  country,  did  an 
enormous  business,  which,  if  not  profitable,  was  at  least  self- 
sustaining,  which  was  a  great  deal  in  view  of  its  limited  ramifica- 
tion at  tne  time.  It  was  taken  up  by  a  Morse  company,  and, 
through  stock  manipulation  in  Wall  street,  swamped,  its  stock 
having  dropped  from  $115  one  day  to  $2  per  share  the  next  day. 

Mr.  Jones  next  refers  to  the  use  of  the  Wheatstone  system  m 
this  country,  and  cites  some  speeds  between  here  and  Chicago, 
which  are  certainly  very  creditable  to  the  system,  and  he  puts 
against  that  work,  speeds  reached  by  the  Morse  system  between 
here  and  Pittsburg.  The  Wheatsone  system  employs  automatic 
repeaters  between  New  York  and  Chicago,  while  Pittsburg  by 
the  Morse  system  is  reached  direct.  The  Morse  operators  for 
this  demonstration  were  undoubtedly  the  most  expert  to  be  found 
in  America,  while  it  is  a  noted  fact  that  the  Wheatstone  system 
in  this  country  has,  through  the  policy  of  the  company  using  it, 
been  largely  handicapped  by  ineflicient  and  ill-paid  labor.  It 
would  have  been  fairer  if  Mr.  Jones  had  given  notice  of  a  race 
and  not  chosen  his  own  time  and  conditions. 

In  regard  to  automatic  telegraphv  in  general,  I  admit  that  the 

E resent  companies  have  all  the  facilities  necessary  to  carry  all  the 
usiness  they  can  get  at  the  present  rate  with  their  slow  hand 
methods  of  operation,  but  it  does  not  follow  from  this  that  the 
lowering  of  the  rate,  so  that  four  or  five  times  the  number  of 
words  could  be  sent  for  about  one-half  the  price  would  not  in- 
crease the  business  so  as  to  render  necessary  an  automatic  system 
of  telegraphy  and  yield  very  profitable  returns. 

I  will  not  take  the  time  of  the  meeting  to  go  into  an  analysis 
of  Mr.  Jones's  calculation  regarding  the  difference  in  labor  and 
the  number  of  people  employed  in  the  two  systems  relatively. 
That  I  will  do  at  some  later  aay  ;  but  I  will  make  this  statement, 
and  I  think  it  can  be  substantiated :  That  an  operator  preparing 
a  message  on  a  tape  perforator  without  any  interruption  from 
line  or  other  causes,  the  operation  being  purely  local,  will  main- 
tain a  speed  averaging  as  high  as  the  Morse  operator  will  average 
sending  bv  hand,  and  that  an  ordinary  wire  from  New  York  to 
Philadelphia  will  deliver  a  perfect  record  of  3,000  words  a 
minute,  and  that  a  one-ohm-per-mile  line  will  deliver  a  perfect 
record  of  1,000  words  a  minute  between  New  Yorlc  and 
Chicago,  and  that  when  tliese  messages  are  received,  type-writer 
operators  will  translate  from  the  tape  bearing  these  machine- 
made    characters,     unchanging    in    their    characteristics,   with 
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greater  accuracy  and  speed  than  from  their  own  notes,  or  about 
as  readily  as  from  print,  and  everybody  knows  that  an  ordinary 
typewriter  operator  will  easily  translate  35  to  40  words  per  min- 
ute. Now,  in  the  case  of  the  Morse  receiver,  using  the  type- 
writer he  cannot  translate  from  sound  any  faster  than  the  Morse 
operator  will  send,  and  Mr.  Jones  I  am  sure  will  not  say  that  any 
Morse  operator  can  keep  up  a  speed  of  35  to  40  words  a  minute 
on  a  average  all  day.  1  consider  that  a  typewriter  translating 
from  a  tape  of  distinctly  recorded  chamcters  is  equal  to  two  Morse 
receivers,  and  that  in  the  operation  of  the  automatic  system  one 
employe  out  of  three  is  saved,  from  an  economical  standpoint. 
The  introduction  of  perforators  into  business  houses  doing  a 
large  amount  of  business  for  the  preparation  of  their  own 
messages,  and  the  translation  of  their  messages  at  the  dis- 
tant end  of  the  line  is  but  a  small  feature  of  what  is  prac- 
ticable in  connection  witli  machine  telegraphy.  It  does  not 
imply  that  the  bulk  of  the  business  will  be  done  in  this  way. 
The  aim  of  an  automaiic  telegraph  company  for  carrying  a 
large  number  of  messages  at  a  low  rate  is  simply  to  take  the 
place  of  the  mail  train.  Messages  may  be  sent  to  th/e  central 
oifice  in  the  city  either  by  the  post  office  or  by  special  messenger. 
They  are  to  be  transmitted  at  a  high  rate  of  speed,  and  dropped 
into  the  post  office  at  the  distant  station,  typewritten,  put  in  envel- 
opes and  stamped  just  as  if  they  had  come  by  mail.  I  cannot  see 
from  a  commercial  standpoint  where  the  hardship  is  in  being 
compelled  to  supply  perforators  and  translators  at  the  ends  of  a 
wire  necessary  to  handle  all  the  business  the  wire  will  carry.  I 
should  be  very  glad  if  I  was  in  tlie  business  commercially  to  be 
able  to  make  one  wire  keep  500  perforators  and  translators  busy. 
It  obviates  great  expense  in  the  construction  of  the  original 
plant,  in  the  number  of  wires  that  you  have  to  construct ;  in  the 
size  of  the  poles  necessary  to  carry  them  ;  the  difficulties  of  tree 
trimming,  and  so  on.  And,  more  than  all,  the  entailed  cost  of 
maintenance,  which  amounts,  I  think,  to  about  $4.00  per  year 
per  mile  per  wire,  according  to  the  best  information  on  the  sub- 
ject, and  when  you  consider  that  one  wire  worked  at  an  auto- 
matic high  speed  is  equal  to  20  wire  quadruplex,  and  40  duplex 
and  80  to  100  simplex  for  long  or  short  distances,  it  seems  to  me 
there  is  room  for  great  economy,  and,  consequently  room  for  a 
very  low  rate  of  transmission,  so  as  to  take  from  the  mails  a  vast 
amount  of  business  that  now  goes  by  the  mail  train.  And  yet 
the  chief  objection  of  the  Morse  men  is  that  one  wire  can  be 
made  to  keep  so  many  operators  going. 

Mr.  Jones  makes  a  point  of  the  delay.  He  says  that  in  Chicago 
there  is  on  an  average  a  delay  of  16  minutes  and  at  New  York  a 
delay  of  15  minutes  by  the  Wheatsone  system,  making  31  min- 
utes delay  in  the  transmission  of  a  telegram  from  New  York  to 
Chicago.  Now,  we  have  all  had  experience  in  telegraphy  to  the 
extent  of  paying  for  messages  and  liaviug  them  sent  and  deliv- 
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ered.  I  venture  to  say  that  the  average  time  of  telegrams  in  this 
country,  leaving  out  the  business  done  between  stock  and  other 
commercial  exchanges,  will  average  more  than  an  hour.  The 
telegraph  companies  in  this  country  are  very  careful  not  to  put 
on  the  messa^  that  you  receive,  the  time  at  which  it  was  filed 
at  the  point  from  wliich  it  started.  They  give  you  very  plainly 
the  time  at  which  it  was  received  at  the  office  down  the  street. 
That  is  simply  a  tab  on  the  messenger  to  see  whether  he  stopped 
to  play  marnles  on  tlie  way.  But  if  you  receive  a  telegram  at 
six  o'clock  this  evening  from  Philadelphia,  there  is  notning  to 
show  you  that  it  was  not  tiled  there  at  nine-o'clock  in  the 
morning.  If  we  take  Mr.  Jones's  statement,  messages  are  only 
a  few  minutes  on  the  way,  but  every  telegraph  operator  knows 
that  messages  accumulate  and  hang  on  the  hooks  for  hours  at  a 
time,  especially  in  the  case  of  interruption  to  some  of  the  wires, 
and  that  the  traffic  chief  goes  around  and  sorts  them  over  per- 
haps a  dozen  times,  picking  out  the  more  important  ones  to  get 
them  oflf  first,  so  that  if  a  man  telegraphs  his  wife  that  he  will 
be  home  to  dinner  at  six  o'clock  they  endeavor  to  get  that  mes- 
sage to  his  house  a  little  before  he  arrives,  while  the  wife  of  the 
man  who  says  he  won't  be  home  till  morning,  sits  up  half  the  night 
waiting. 

Now,  if  I  may  be  permitted  a  few  words  in  regard  to  the  paper 
before  the  meeting.  Prof.  Crehore  and  Lieut.  Squier  advance 
the  theory  that  much  is  to  be  gained  from  the  use  of  the  alter- 
nating current  in  telegraphy,  and  naturally  enough  I  presume 
most  people  are  inclined  to  accept  that  proposition,  ^ut,  re- 
ferring to  the  description,  it  seems  to  me  that  the  object  souffht 
is  not  gained  in  the  plan  proposed,  for  the  simple  reason  that 
if  a  half-wave,  we  will  say,  at  any  period,  but  taking  it  on  the 
basis  of  140  whole  waves  to  the  second,  is  eliminated  for  a 
dot,  or  for  a  space,  two  half-waves  for  a  dash,  and  three  half- 
waves  for  spaces  between  words,  and  so  on,  I  am  unable  to 
see  how  by  the  elimination  of  half-a-wave  or  three  half- waves 
you  get  the  benefit  of  the  alternation,  because  the  next  impulse 
that  goes  into  the  line  is  of  the  same  polarity  as  the  one  pre- 
ceding, and  the  line  with  its  static  capacity  remains  charged 
especially  at  the  receiving  end.  It  may  be  said  that  there  is  a 
drop  in  the  potential  to  the  zero  point  which  possibly  allows  the 
line  to  clear  itself  to  a  certain  extent,  but  I  think  no  one  will 
claim  that  the  effect  of  that  is  of  paramount  consequence  com- 

f)ared  to  the  amount  of  current  remaining  in  the  distant  end  of 
ine  while  this  half-wave  is  being  eliminated.  Furthermore,  un- 
less absolute  synchronism  is  mamtained  between  the  movement 
of  the  tape  on  the  wheel  under  the  transmitting  brushes  and  the 
alternations  of  the  current,  the  signals  will  be  clipped  or  false 
signals  sent,  which  would  not  be  the  case  with  a  constant  current. 
It  may  appear  to  be  a  very  easy  matter  to  some,  to  subject  a  tape 
to  the  preliminary  operation  of  making  a  uniform  row  of  guide 
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holes  80  that  it  may  be  pulled  through  a  punching  machine  after- 
wards, which,  by  the  operation  of  a  star  wheel  fitting  into 
these  guide  holes,  will  feed  it  absolutely  correct  for  the  com- 
posing of  the  dots  and  dashes  on  the  tape  by  another  operation. 
Phis  does  not  appear  to  be  a  simple  matter  to  me,  and  I  have 
had  some  experience  in  that  line ;  but  assuming  that  it  was  easy 
to  do,  when  this  message  is  put  on  the  wheel  for  transmission 
there  must  be  some  slacK  or  else  considerable  tension  on  the  strip 
to  hold  it  in  place,  and  the  star  wheel  pulling  the  tape  over  the 
circuit  wheel  where  the  transmitting  brushes  rest,  surely  will  have 
a  tendency  to  pull  it  and  spread  the  guide  holes  especially  if  the 
friction  of  the  transmitting  brushes  is  of  any  considerable  amount, 
and  if  the  friction  is  not  sufficient  to  hold  the  tape  it  would  be, 
I  think,  mechanically  impossible  to  pull  that  tape  at  a  high  rate 
of  speed  so  that  the  dots  and  dashes  would  conform  accurately 
to  the  reversals  of  the  current.  Then  there  is  the  other  very 
important  consideration  of  the  wheel  becoming  coated  with  dirt 
and  not  making  a  good  contact.  There  is  the  difficulty  also  of 
making  dashes  with  a  perforator ;  such  a  machine  would  be  alto- 
gether a  very  intricate  affair.  Thus  far  all  efforts  have  failed  to 
make  a  perforator  of  this  kind,  that  would  do  its  work  accurately 
and  reliably.  The  same  objection  of  lack  of  true  alternation  of 
current  applies  in  regard  to  tne  use  of  condensers,  which  I  believe 
the  paper  states  mignt  be  introduced  in  series  in  the  line.  The 
condensers  would  not  be  uniformly  discharged. 

Perhaps  I  do  not  understand  the  operation  of  the  receiver 
proposed  or  contemplated  in  the  paper.  I  presume  that  two  pens 
must  rest  on  top  of  the  chemical  paper,  one  connected  to  the  line 
and  one  to  the  earth,  and,  as  the  currents  are  normally  alternat- 
ing, it  must  be  that  in  the  case  of  a  dash,  for  instance,  one  por- 
tion of  the  dash  will  be  formed  on  one  line  and  the  other  portion 
on  the  other.  As  it  takes  a  complete  wave  of  the  current,  and 
as  the  record  will  be  made  in  the  negative,  I  think  that  such  a 
record  would  be  very  difficult  to  translate.  Furthermore,  the 
tape  would  have  to  be  placed  on  the  transmitter,  while  the  trans- 
mitter was  at  rest,  and  it  would  have  to  be  fixed  so  that  if  there 
was  to  be  any  uniform  relation  between  the  signals  as  regards 
the  character  of  the  current  that  was  to  begin  the  message,  it 
would  have  to  be  fixed  very  accurately  on  the  star  wheel  that 
was  going  to  pull  it.  Even  then  I  am  unable  to  see  how  signals 
coiilof  be  depended  upon  for  alignment.  Take  the  letter  w  for 
instance.  The  dot  of  the  letter  would  be  on  the  top  line,  the 
half  of  the  dash  would  be  on  the  lower  line,  and  tne  balance 
of  the  first  dash  would  be  on  the  top  line  again,  and  then  another 
complete  wave  for  the  other  dash  would  cause  similar  changes  in 
position. 

In  regard  to  the  speed  claimed  in  the  paper,  I  have  no  doubt 
that  the  computation,  was  the  result  of  inexperience,  when  it  states 
that  the  word  "ten"  may  be  transmitted  1,200  times  in  a  minute. 
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The  word  "ten"  is  composed  of  four  siffnals.  A  dash  for  the  ^ 
a  dot  for  the  e,  and  a  dash  and  dot  for  tlie  n.  These  four  signals 
might  be  sent  by  the  most  economical  use  of  perforations  such  as 
is  used  in  another  system  with  four  impulses.  The  average 
number  of  impulses  to  a  letter  is  about  three.  If  you  count  tne 
spaces  between  the  letters,  or  between  the  component  parts  of  a 
letter,  it  gives  considerably  more,  and  the  average  number  of 
letters  to  the  word  in  the  English  language  is  about  live.  So 
that  the  word  *'ten"  comes  to  very  little  more  than  the  impulses 
comprised  in  one  letter ;  or,  making  all  allowances,  it  seems  to  me 
that  the  speed  reached  or  supposed  to  be  possible  in  this  arrange- 
ment would  amount  to  about  300  woras  a  minute  instead  of 
1  ,*200.  According  to  the  continental  code  there  are  in  the  alphabet 
44:  dots  and  38  dashes.  The  paper  proposes  to  allow  the  length 
of  two  dots  for  a  dash.  In  tne  Wheatstone  and  other  systems 
three  lengths  are  allowed  and  I  think  practice  will  show  that  it 
is  not  too  much.  Now  on  that  basis  this  system,  compared  with 
the  strip  using  a  single  dot  for  a  complete  dash,  as  well  as  for  a 
dot,  or  where  all  the  signals  are  dots,  it  seems  to  me  that  the 
number  of  impulses  required  for  the  same  amount  of  transmission 
would  by  this  system  be  almost  double. 

Regarding  the  duplex  and  diplex  extensions  of  this  system,  I 
am  unable  to  grasp  the  solution  advanced  in  the  paper.  I  can 
understand  that  predetermined  subdivisions  of  the  circuit  wheel 
might  give  off  on  electro-magnetic  instruments  of  some  kind 
operated  synchronously  different  messages,  but  I  do  not  see  how 
it  would  be  possible  to  have  the  division  of  this  wheel  predeter- 
mined by  messages  of  undetermined  arrangement  of  dots  and 
dashes,  and  any  of  the  currents  used  for  lesser  speeds  must  be  of 
necessity,  as  I  understand  it — unless  they  are  superposed,  and  I 
do  not  suppose  that  was  intended  here — be  taken  from  the  higher 
rate  of  speed,  and  the  maximum  rate  of  speed  must  be  deter- 
iorated in  a  corresponding  degree.  I  cannot  see  how  two  mes- 
sages can  be  simultaneously  received  on  a  chemical  system,  for 
the  simple  reason  that  all  the  impulses  will  manifest  themselves 
on  all  the  tapes  of  the  receivers.     (Applause.) 

LiKUT.  Squier  : — I  will  only  take  a  moment,  as  the  hour  is  so 
late.  It  has  been  a  pleasure  to  us  who  are  inexperienced  in  busi- 
ness methods  to  hear  what  Mr.  Jones  has  said  this  evening.  The 
experience  gained  in  actual  practice  is  of  course  very  much  to  be 
valued,  and  he  seems  to  have  succeeded  in  showing,  I  think,  that 
from  the  beginning  there  was  a  desire  to  increase  the  capacity  of 
lines;  in  other  words,  that  the  telegraph  companies  found  that 
men  at  the  ends  of  the  lines  were  less  expensive  than  wires.  And 
I  judge  from  the  arguments  that  have  been  put  forth  that  we 
have  now  about  reached  a  point  at  which  we  have  gotten  all  the 
speed  that  is  desirable,  and  all  the  business  can  now  be  handled 
in  the  present  way,  and  that,  so  far  as  we  can  draw  from  the  data 
he  gives,  we  have  practically  reached  a  limit  in  telegraphy.    Mr. 
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Jones  says  that  the  telegraph  companies  can  handle  all  the  busi- 
ness now  offered  to  them.  This  is  probably  true  of  the  particular 
tind  of  business  that  the  telegraph  companies  are  now  nandling; 
but  that  is  not  the  kind  of  business  we  were  particularly  con- 
sidering in  this  paper.  Undoubtedly  Mr.  A.  will  continue  for 
some  time  to  come  to  send  his  ten  words  to  Mr.  B.  as  at  present, 
and  the  existing  companies  will  continue  lo  handle  that  kind  of 
business.  The  business  we  were  speaking  of  was  more  particu- 
larly telegraph  letter  writing — less  urgent  matter  perhaps,  but  still, 
more  so  than  ordinary  letters — and  this  larger  volume  of  business 
we  think  can  only  be  handled  by  some  form  of  automatic  trans- 
mission. We  know  that  plenty  of  people  pay  ten  cents  for 
a  special  delivery  stamp  so  as  to  gain  an  hour  perhaps  in 
the  delivery  of  a  letter  at  its  destination.  Now  that  is  just 
the  kind  of  business  that  we  are  talking  about — not  the  long 
letter  of  friendship  or  the  ten  word  message,  but  the  business 
letter  which  we  desire  to  reach  our  correspondent  in  Chicago, 
for  instance,  not  in  fifteen  minutes,  but  within  two  or  three 
hours.  That  is  the  kind  of  business — the  new  business,  that  we 
were  talking  about.  Therefore,  the  arguments  that  have  been 
presented  do  not  seem  to  me  to  hold,  because  the  speakers  have 
been  talking  about  a  kind  of  business  that  we  do  not  propose  to 
handle  at  the  outset. 

I  am  sorry  that  Dr.  Kennelly  should  have  gotten  the  idea  that 
we  require  the  use  of  a  polarized  receiver.  We  used  it  in  our 
experiments  because  it  was  found  convenient  to  investigate  the 
properties  of  rapidly  varying  currents,  and  we  did  not  propose 
it  in  a  practical  telegraph  receiver  at  present,  and  so  state  in 
the  paper.  Dr.  Kenneliy  also  suggests  that  when  the  demand 
for  such  business  arises,  the  telegraph  companies  will  be  able 
to  handle  it.  The  way  to  create  that  demand  is  to  put  down 
the  rates  so  that  business  people  can  telegraph  that  kind  of  busi- 
ness. If  the  rates  are  kept  as  they  are  now,  probably  that  demand 
will  not  arise,  but  I  think  if  the  rates  were  half  what  they  are  or 
even  less  than  they  are,  the  demand  would  be  enough.  So  that 
it  seems  that  the  tact  is  that  the  people  must  be  educated  up  to 
the  service  they  are  entitled  to,  and  then  the  companies  will  be 
obliged  to  take  care  of  the  business  as  soon  as  the  demand  comes. 
The  better  way  to  do  is  to  put  the  price  down. 

There  has  been  very  little  discussion  of  the  engineering  side 
of  the  paper  which  we  had  hoped  for,  and  there  seems  to  be  no 
question  about  the  transmission  of  an  adequate  number  of 
waves.  We  have  several  examples  of  this  already  accomplished 
in  the  Anderson  and  other  systems,  so  that  there  is  no  question 
about  the  practicability,  but  we  believe  this  particular  sj'stem  has 
elasticity  and  development  not  possessed  by  the  others,  and  we 
are  in  hopes  that  this  point  will  oe  more  fully  brought  out  as  an 
•engineering  feature  aside  from  its  commercial  side. 

In  regard  to  transmission  of  waves,  it  might  be  said  that  the 
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long  distance  telephone  line  which  ie  now  in  practical  operation 
is  about  as  good  an  example  of  the  transmission  of  waves  as  conld 
be  wished,  and  beside  which  the  system  we  propose  is  of  course 
very  simple.  When  we  can  distinguish  the  voice  between  here 
and  Chicago,  this  is  an  example  of  wave  transmission  which  i& 
much  more  complex  than  anything  we  have  proposed. 

In  regard  to  diplexing  the  line  and  so  on,  which  Mr.  Delany 
says  he  does  not  understand,  I  think  the  paper  when  examined 
carefully,  clearly  shows  how  the  punching  should  be  done.  Our 
experiments  were  actually  carried  out,  and  the  diplexing  and  so 
on  have  actually  been  done.  I  might  mention  something  that 
lias  only  developed  in  the  last  few  days.  We  never  until  a  day 
or  two  ago  used  the  cutting  out  process  at  definite  intervals  on 
currents  of  considerable  volume,  hut  we  have  just  made  some 
further  experiments,  in  this  direction  and  found  that  there  is 
no  trouble  at  all.  In  fact,  on  this  circuit  we  used  an  alternat- 
ing arc,  and  found  it  very  convenient  as  a  receiver,  and  I 
have  a  record  here  of  messages  sent  through  an  alternating  arc 
at  the  rate  of  280  alternations  per  second.  The  arc  appears  all 
right ;  nothing  is  happening  to  it,  so  far  as  the  eye  can  see.  Of 
course  the  alternations  are  so  rapid  that  the  eye  would  not  notice 
them.  I  have  here  the  records,  which  anyone  can  look  at  and 
see  how  perfect  they  are  (Exhibiting).  This  was  an  ordinary 
street  arc-lamp.  I  merely  mention  tliis  to  show  an  additional 
feature  of  the  matter,  that  you  can  synchronously  interrupt  and 
suppress  integral  waves  in  circuits  carrying  considerable  power,, 
the  current  being  in  this  experiment  about  ten  amperes. 

Dr.  Albert  C.  Crbhork: — The  commercial  interest  in  this 
subject  is  undoubtedly  yery  great,  and  it  is  impossible  to  refrain 
from  some  remarks  bearing  upon  that,  but  where  any  part  of 
the  physical  portion  of  it  is  misunderstood,  I  very  much  desire 
to  have  that  corrected.  I  want  to  speak  particularly  in  regard 
to  Mr.  Delany's  not  understanding  the  use  of  the  half  wave. 
First,  in  regard  to  the  alphabet.  The  one  shown  was  only  one 
of  very  many  which  can  be  used.  It  is  hoped  that  some  time 
later  on  we  shall  be  able  to  give  more  definite  information  as  to 
the  particular  form  of  machine,  but  the  distinction  between  this 
alternating  wave  and  the  dot  made  by  the  direct  current  seems 
to  lie  in  me  fact  that  the  electromotive  force  is  not  a  constant 
degree,  but  is  increasing.  I  do  not  mean  to  go  into  the  compli- 
cated physical  question  at  all,  but  it  seems  to  me  that  all  the 
objections  that  could  be  brought  against  it  were  answered  by 
the  first  speaker  in  saying  that  these  waves  can  be  transmitted. 
I  very  much  wish  that  I*rof.  Pupin,  who  has  some  knowledge 
of  this  from  his  own  experiments,  would  add  something  to  this 
discussion. 


AMERICAN  INSTITUTE   OF  ELECTRICAL 

ENGINEERS. 


New  York,  May  18th,  1897. 

The  annual  bnainese  meeting  of  the  Institute  was  held  this 
date  at  12  West  Slst  Street,  and  was  called  to  order  by  President 
Duncan  at  4  p.  m. 

The  following  associate  members  were  elected  at  the  meeting 
of  the  Executive  Committee  in  the  afternoon. 


Name. 

Banks*  William  C. 


Clement,  Edward  C. 


Davidson,  A. 


deKbdon,  Constant 


HosMBB,  Sidney 


Kinsley,  Carl 


Neilson,  John 


Richey,  Albert  S. 


Total  8. 


AddresA. 

Electrician,  Gordon-Burnham  Bat- 
tery Co.,  82  West  Broadway,  New 
York  City. 

Ass't  Examiner,  Electrical  Division, 
U.  S.  Patent  Office,  Washington, 
D.  C. 

Cable  Engineer  and  Electrician, 
Central  and  South  American  Tele- 
graph Co.,  Lima,  Peru. 

Consulting  Engineer,  27  Thames 
St.,  New  York  City, 

Sujp't  Underground  Cable  Dep't, 
boston  Electric  Light  Co.,  Ames 
Bldg.  Boston,  Mass. 

Teacher  of  Electrical  Engineering. 
Washington  University,  St.  Louis, 
Mo. 

Sup't  of  Interior  Wiring  Depart- 
ment, Larchmont  Electric  Co., 
Larchmont,  N.  Y. 

Electrician,  Citizens'  Street  Railway 
Co ,  403  W.  Adams  Street,  Muii- 
cie,  Ind.  W. 


Endorsen. 

G^.  T.  Hanchett. 
Chas.  D.  Shain. 

E.  V.  Baillard. 

S.  D.  Field. 
R.  W.  Pope. 

F.  A.  Pickemell. 

Jos.  Wetzler. 
T.  C.  Martin. 
R.  W.  Pope. 

Max  Osterberg. 
Wra.  Maver,  Jr. 
W.  A.  Anthony. 

W.  A.  Anthony. 
W.  R.  C.  Corson. 
I.  H.  Farnham. 

G.  F.  Durant. 
H.  H.  Sykes. 
Pred'k  Bedell. 

F.  A.  Pattison. 
A.J.  Famsworth. 
R.  W.  Pope. 

H.  B.  Smith. 
C.  P.  Matthews. 
E.  Goldsborough. 


TRANSFERRED  FROM  ASSOCIATE  TO  FULL  MEMBERSHIP. 


Approved  by  Board  of  Examiners  May  17th,  1807. 

Nicholson,  Walter  W.  General  Supt.  Central  New  York  Telephone  and  Tele- 
graph Co.,  Syracuse,  N.  Y. 
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Richardson,  Robert  E.  Electrical  Engineer,  Pierce  and  Richardson,  1400  Man- 

hMttan  Bldg  ,  Chicago,  111. 

Rosa,  Edward  B.  Professor  of  Physics,  Wesleyan  University,  Middletown, 

Conn. 
Total  3. 

The  President  appointed  Dr.  M.  I.  Pupin  and  George  A. 
Hamilton  as  tellers,  and  William  J.  Hammer  and  Charles  S. 
Bradley  as  Proxy  Commitee. 

The  following  reports  of  the  Council  and  Treasurer  were  read 
and  accepted. 

AMERICAN  INSTITUTE   OF  ELECTRICAL    ENGINEERS. 
Report  of  Council  for  thk  Year  Ending  April  3oth,  1897. 


In  accordance  with  the  Constitution,  the  Council  presents  for  the  in- 
formation of  the  Institute  a  report  of  its  work  during  the  past  year. 

Under  the  requirements  of  the  laws  of  the  State  of  New  York,  under 
which  the  Institute  was  incorporated  in  1896,  the  presence  of  a  majority 
of  the  Council  is  required  at  each  meeting  to  form  a  quorum.  In  a  national 
organization,  as  the  Institute  is,  the  geographical  distribution  of  the 
members  of  Council  is  such,  that  it  is  difficult  to  secure  a  quorum,  ten  out 
of  twenty-one  being  residents  of  cities  at  a  distance  from  New  York  where 
the  Headquarters  are  located.  For  this  reason  an  Executive  Committee  of 
seven  members  was  appointed  in  order  to  properly  conduct  the  affairs  of 
the  Institute.  Under  this  arrangement  there  have  been  held  since  the 
last  report,  ten  meetings  of  the  Executive  Committee. 

The  necessity  of  fixing  upon  a  standard  of  light,  was  brought  to  the  at- 
tention of  the  Institute  early  in  the  year  by  representatives  of  different 
companies  engaged  in  the  electric  lighting  business,  and  also  by  the 
National  Electric  Light  Association  through  Dr.  Louis  Bell,  Chairman  of 
a  Special  Committee  appointed  by  that  organization.  The  matter  was  re- 
ferred to  the  Institute  Committee  on  Units  and  Standards,  and  its  report 
recommending  a  standard  of  intensity  and  method  of  measurement,  was 
printed  in  the  February  1 897  issue  of  the  Transactions. 

The  amount  of  $2,300  having  been  received  for  life  memberships  since 
the  founding  of  the  Institute,  and  used  in  the  current  expenditures,  it  was 
decided  that  the  Treasurer  set  apart  each  year  the  sum  of  $500  to  be 
invested  in  a  compounded  membership  fund.  As  the  net  income  of  the 
past  year  will  permit  of  this  being  done,  the  required  amount  may  be  set 
apart  from  the  surplus. 

In  the  course  of  the  business  of  the  Institute,  certain  transactions  have 
been  made  through  its  office,  which  are  strictly  commercial,  and  have  here- 
tofore been  accounted  for  in  the  yearly  report  of  the  Secretary.  In  order 
to  separate  these  items  more  distinctly  from  the  regular  receipts  and  ex- 
penditures, the  sum  of  $150  was  transferred  from  the  Treasurer  to  the 
Secretary  for  commercial  purposes,  which  includes  such  matters  as  the 
buying  and  selling  of  electrotypes,  badges,  certificates,  etc. 

The  lease  of  the  rooms  occupied  by  the  Institute,  at  26  Cortlandt  Street, 
was  renewed  for  another  year,  the  quarters  having  proved  convenient  and 
accessible  for  home  members  as  well  as  those  visiting  the  city,  and  suitable 
for  the  holding  of  committee  meetings. 
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At  the  March  meeting  of  the  Executive  Committee,  it  was  voted  to  hold 
the  General  Meeting  of  the  Institute  at  Eliot,  Me.,  beginning  on  July 
26th,  1897. 

The  special  Committee  appointed  last  year  for  the  preparation  of  a  new 
design  for  the  Institute  badge,  has  fixed  upon  a  design,  and  prepared  a 
model  which  has  been  referred  to  this  annual  meeting  for  consideration. 

The  total  membership  at  the  close  of  last  year's  report  was  1035,  classified 
as  follows : 

Honorary  Members 2 

Members 331 

Associate  Member* 700 

•  — ^— 

Total 1035 

Associate  Members  elected,  May  1st,  1896,  to  April  30th,  1897 103 

Total 1 138 


Resignations  have  been  received  during  the  year,  and  accepted  from  the  following 


membera  as  in  good  standing : 

CHARLES  E.  CHINNOCK, 

ADAMS  D.  CLAFLIN. 

WM.  J.  HISS,  Jr.. 

WM.  B.  LESTER, 

GEO.  W.  STOCKLY, 

EDMUND  V.  COX, 

W.  D.  MAC  QUESTEN, 

CHAS.  W.  SPICER, 

S.  P.  DENISON, 

Total  resignations 


B.  P.  FLINT, 
W.  S.  FRANKLIN, 
W.  H.  PEIRCE, 
ROBERT  WATSON, 
S.  W.  ROESSLER, 
W.  C.  BRYANT. 
E.  E.  BARTLETT. 
A.  S.  KIMBALL, 

L.  A.  McCarthy. 


18 


There  have  been  the  following  deaths  during  the  year : 

HENRY  A.  CRAIGIN,  SAMUEL  C.  PECK, 

LEVI  K.  FULLER,  WILLIAM  SHRADER, 

w.  t.  m.  mottram,  e.  carl  BREITHAUPT, 

M.  B.  LEONARD,  FRANK  H.  DORR, 

H.  L.  LUFKIN. 

Total  deaths 9 

Dropped  as  delinquent 34 

Elections  cancelled 3 

Elected,  but  not  qualified t      65 

1073 

Leaving  a  total  membership  of  1073  o"  April  30th,  1897,  (a  net  gain  of  38  •,  clas.^ified 
as  follows : 

Honorary  Members 2 

Members 350 

Associate  Members 721 

1073 

A  list  of  the  members  elected  during  the  year  accompanies  this  report. 
The  names  have  already  appeared  in  the  Transactions. 

The  reports  of  the  Secretary  and  of  the  Treasurer,  show  in  detail  the 
financial  standing  of  the  Institute  at  the  close  of  the  fiscal  year,  together 
with  an  itemized  statement  of  receipts  and  expenses  during  the  year. 
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SECRETARY'S  BALANCE    SHEET. 
For  The  Fiscal  Year  Ending  April  30,  1897. 


Dr, 


To  balance  from  previons  year $      ao  30       By  cash  to  Treasurer. 

Receipts  for  the  year 9«933  *3 

9*953  43 


Cr. 

$9,953  43 


9.953  43 


ITEMIZED  STATEMENT  OF  RECEIPTS  AND  EXPENSES  OF 

THE    INSTITUTE. 

For  Fiscal  Year  Ending.  April  30,  1897. 


General  Account. 


Riceipts. 


Expenses, 


Treasurer's  Balance  from  previous  year 
Secretary's       "         *• 

Entrance  Fees 

Life  Membership  (Carl  Hering) 

Past  Dues 

Current  Dues 

Advance  Dues 

Electrotypes  Sold 

Transactions  Sold 

Transactions  Subscriptions 

Advertising 

Received  for  Binding  Transactions. . . . 

"    Badges 

'*    Certificates 

**         •'    Congress-Book 

Reprints  Vol.  4 

Miscellaneous 


1*39  99 
ao  30 

475  00 
xoo  00 

535  '3 

7*844  95 

45  23 

35  <H 

339  55 

X93  40 

88  50 

.   45  59 
41  00 

aa  00 

27  85 
136  00 
3  89 


Total, 


$10,193  4a 


Repairs 

Notary 

Chicago  Meetings. 

Library 

Ice...'. 


Commercial 

Laundry 

Office  Expenses 

Office  Fixtures 

Express 

Telegrams 

Stenography  and  Typewriting 

Stationary  and  Miscellaneous  Printing. 

Postage 

Messenger  Service 

Salary  Account 

Meeting  Expenses 

Rent  of  Office  and  Auditorium 

Engraving  and  Electrotyping 

Publishing  Transactions 

Paid  for  Badges 

Paid  for  Certificates 

Entrance  Fee  Returned 

Treasurer's  Balance  to  next  year 


$x  00 

50 

»3  »5 

IX  X4 

»3  30 
x86  a6 

8  as 

X7  76 

"4  73 

70  53 

3  39 

787  xo 

530  57 
496  18 

5  55 

2.708  33 
315  98 

1,100  00 
aoa  60 

a,4xa  39 
66  00 

9  75 
5  00 

x,a34  06 


Total,  $io,x93  4a 


Commercial    Department. 
Receipts.  Expenses, 


Cash  from  Treasurer,  Nov.  83,  1896  . . .  $150  00 
Sales  to  May  xst 37  39 

$187  39 


Purchases $25  3a 

Balance  Cash  on  Hand i6a  07 

$187  39 


The  outstanding  current  bills  against  the  Institute,  April  30,  amounted  to. .     $465  55 
Due  the  Institute  and  collectible  piobably 655  00 

Property  on  hand  according  to  inventory,  May  i,  1897. 

Office  furniture  and  fittings f ai2  48 

Catalogue  Type,  Cases,  etc 259  75 

Transactions  on  hand 3,803  5° 

Congress  Books 784  50 

Library 200  00 

|4,a6o  23 

Of  the  above,  there  has  been  purchased  during  the  year,  oflBce  fittings 
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amounting  to|24.73  and  type  and  type  cases  for  catalogue  $259.75.  The 
inventory  has  been  made  at  a  low  valuation  and  does  not  include  the 
Transactions  of  1896. 

TOTAL  NET  ASSETS. 

Building  Fund $956  48 

Trea«arer*s  Balance,  Mercantile  Bank iia84  06 

Secretary's  Commercial  Fund i6a  07 

Property  as  per  inventory 4*3^  S3 

$6,669  84 

Respectfully  submitted  for  the  Council, 

RALPH  W.   POPE. 

Secretary, 


AMERICAN  INSTITUTE  OF  ELECTRICAL  ENGINEERS. 

New  York,  May  i8th,  1897. 

TREASURER'S    REPORT. 

From  May  i,  1896  to  May  i,  1897. 

George  A.  Hamilton,  Treasurer,  in  account  with 

American  Institute  of  Electrical  Engineers. 

Dr, 

Balance  from  May,  1896 $339  99 

Received  from  Secretary,  May  i,  1896  to  May  z,  1897 9i953  43    $10,193  4^ 

Cr. 

Payments  from  May  ist,  1896  to  May  i,  1897,  on  warrants  from 

Secretary,  Nos.  760  to  878,  inclusive $8,909  36 

Balance  to  new  account 1*384  <><$    $10,193  4a 

Balance  on  hand.  General  Fund,  May  x,  1897 $1**84  06 


BUILDING    FUND. 

Balance  as  per  last  report $850  00 

Interest  accrued  to  May  x.  1897,  3  per  cent,  to  May  14,  1892 

and  a  per  cent,  thereafter 106  48        $956  48 

Cash  book  and  warrants  herewith  for  audit.     Vouchers  are  in  the  hands 
of  the  Secretary,  to  whom  they  are  returned  for  filing  after  payment. 

GEORGE  A.  HAMILTON. 

Treasurer. 
New  York,  May  i8th,  1897. 

The  discussion  of  the  paper  read  at  the  meeting  of  April  2 let 
was  then  taken  np.     [See  page  130.] 

At  the  conclusion  of  the  discussion,  the  report  of  Committee 
on  a  new  design  for  the  Instttutk  badge  was  brought  before  the 
meeting,  in  accordance  with  the  action  of  the  Executive  Commit- 
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tee,  which  had  referred  it  to  the  annual  meeting  for  consideration. 
After  a  thorough  discussion  of  the  matter  the  design  reported  by 
the  Committee  was  adopted.    [See  design  on  cover.] 

The  tellers  then  reported  the  result  of  the  ballot  for  oflScers^ 
which  was  as  follows : 


FOR  PRESIDENT. 
Total  Number  of  Votes  Cast. . . 


.848 


F.  B.  Crocker 828 

A.  E.  Kennelly 6 

Tho8.  D.  Lockwood 8 

E.  L.  Nichols 2 

Jos.  Wetzler 2 

Carl  Hering 1 

Total 


D.  C.  Jackson 

C.  0.  Mailloux 

H.  A.  Rowland ' 

H.  J.  Ryan 

F.  J.  Sprague 

C.  P.  Steininetz 


848 


FOR  VICE-PRESIDENTS. 
Total  Vote  Cast 1884 


A.  E.  Kennelly 481 

D.  C.  Jackson 418 

C.  S.  Bradley 418 

C.  0.  Mailloux 11 

W.  D.  Weaver    9 

Nikola  Tesla 5 

J.  W.  Lieb,  Jr 4 

Frederick  Bedell H 

Louis  Duncan, 8 

F.  A.  C.  Perrine 8 

F.  J.  Sprague 8 

Wm.  Maver,  Jr 2 

H.  J.  Ryan 2 

H.  A.  Rowland 2 

C.  T.  Hutchinson 2 

B.  J.Arnold 2 

A.  S.  Kimball 2 

Brown  Ayres 1 

Total 


C.  F.  Brackett  . 

Louis  Bell 

A  S.  Brown... . 
W.  S.  Barstow  . 
C.  L.  Cory  . . . . 
F.  B.  Crocker. . . 
C.  R.  Cross  .... 
Jas.  Hamblet . .  . 
W.  E.  Geyer. . . . 
John  Langton  . . 
T.  C.  Martin. . . . 
E.  L.  Nichols  . . 
W.  B.  Potter . . . 
W.  D.  Sargent.. 
L.  B.  Stillwell . . 
W.  M.  Stine .... 
B.  F.  Thomas. . . 
Jos.  Wetzler. . . . 


1884 


FOR  MANAGERS. 
Total  Votes  Cast 1755 


Alexander  Macfarlane. . .   428 

Gano  S.Dunn     408 

Herbert  Laws  Webb 400 

W.  F.  C.  Hassou a99 

R.  B.  Owens 18 

Samuel  Sheldon 9 

M.  I.  Pupin 8 

W.  J.  Hammer 6 

A.  A.  Knudson 6 

C.  E.  Emery.  5 

Jos.  Wetzler 4 

A.  J.  Wurts 4 

Louis  Duncan 8 

E.J.Houston 8 

C.  P.  Steinnietz 3 

W.  S.  Barstow 2 

F.  Bedell 2 


A.  C.  Crehore 2 

O.  T.  Crosby 2 

Alex  Dow 2 

H.  W.  Ijeonard 2 

M.  Levis 2 

Wm.  Maver,  Jr 2 

F.  A.  C.  Perrine 2 

R   H.  Pierce 2 

A.  L.  Rohrer 2 

C.  A  Terry 2 

C.  F.  Uebelacker 2 

E.  G.  Acheson 

Brown  Ayrea, 

Wm.  A.  Anthony 

C.  L.  Buckingham 

J.  B.  Cahoon 

B.  Caldwell 
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J,  J.  Carty 

C.  L.  Clarke 

W.  R.  C.  Corson. 
Chas.  Cuttriss — 
W.  L.  R.  Emmet. 

C.  C.  Haskins. . . . 
F.  S.  Holmes. . . 

A.  Hartwell 

P.  S.  Hunting 

D.  C.  Jackson. . . . , 

W.  J.  Jenks 

S.  J.  Lamed 


C.  0.  Mailloux 

L.  B.  Marks 

A.  L.  Riker 

H.  G.Riest 

E.  E.  Ries 

C.  T.  Rittenhouse. . 

H.  J.  Ryan 

0.  B.  Sirallenberger. 

Nikola  Tesla 

J.  H.  Vail.  . 


•  ••  ••  •••• 


Total. 


C.  H.  Warner 

Townsend  Wolcott. 

1755. 


•       FOR  TREASURER. 
Total  Votes  Cast 848 


G.  A.  Hamilton 846 

W.  J.  Hammer 1 

Total 


Ralph  W.  Pope 1 


.848 


FOR  SECRETARY. 

Total  Votes  Cast 848 

Ralph  W.  Pope 848 


President  Duncan  announced  the  result  of  the  election,  and 
appointed  Mr.  W.  J.  Hammer  and  Dr.  M.  I.  Pupin  a  committee 
to  escort  the  newly  elected  President  to  the  Chair. 

The  following  paper  was  then  read  by  Dr.  AlexanderMacfar- 
lane,  discussion  upon  which  was  deferred  until  the  General 
Meeting,  July  26th. 

The  meeting  then  adjourned,  the  members  reassembling  at 
"The  Arena,"  where  the  annual  dinner  was  held,  at  which  92 
members  and  guests  were  present. 


A  Pa^  prettmitd  mi  the  Anmual  Hteting  ^  the 
Amirictm  Imstitut*  9/  EUciricai  Enginttr*^ 
New  Yvrk^  May  iSik,  /S197.  PretitUni  Duncan 
in  the  Chair. 


APPLICATION    OF     HYPEKBOLIC     ANALYSIS    TO 
THE    DISCHAKGE    OF    A    CONDENSEK. 


BY    ALEXANDER   MACFABLANE. 


In  recent  years  the  theory  of  the  discharge  of  an  electric  con- 
denser has  played  a  very  important  part  in  the  advance  of 
electrical  science;  for  it  served  as  the  starting  point  of  the 
experiments  of  Feddersen,  Paalzow,  Helmholz,  Lodge,  Hertz 
and  many  others,  which  culminated  in  the  demonstration  of  the 
existence  and  properties  of  electromagnetic  waves.  The  theory 
of  the  discharge  was  first  given  by  Lord  Kelvin,  then  Professor 
William  Thomson,  in  a  paper  on  "Transient  Electric  Currents" 
published  in  the  June  number  of  the  Philosophical  Magazine 
for  1 853.  The  application  to  the  phenomenon  of  the  principle 
of  the  conservation  of  energy  leads  to  the  differential  equation 

where  Ji  denotes  the  resistance  and  Z  the  inductance  of  the  cir- 
cuit, and  G  the  capacity  of  the  condenser  which  is  practically  the 
capacity  of  the  whole  circuit,  li  q  =  A  e^^  he  assumed  as  the 
solution  of  the  equation,  then  m  must  be  such  that 

whicli  reduces  to 

m»  +  2  a  m  -f  J  =  0  (2) 

D  1 

where  for  brevity  a  is  written  for  — -=  and  b  for  -y-y^ . 

According  to  the  theory  of  the  quadratic  equation^  th^t^  ^^t^ 
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two  general  cases  separated  by  a  transition  case.     If  c^  is  greater 
than  h ;  there  are  two  real  values  of  w,  namely 

If  a'  is  less  than  J,  there  are  two  imaginary  values  of  wi, 
namely, 

—  a+   4/"Zri   V  h  —  a^  and   —a—  ^^Ti   4/ yi_~al 

The  transition  or  separating  case  is  where  a^  =  J :  then  there 
is  only  one  value  for  m^  namely,  what  is  common  to  the  two 
general  values. 

The  following  are  the  solutions  which  are  usually  given  of  the 
differential  equation.     In  the  case  of  real  roots 

in  the  case  of  imaginary  roots, 


and  in  the  transition  case 

q^e-^^iC  +  c^t).  (5) 

In  the  imaginary  case,  the  apparently  impossible  solution  is  re- 
duced to  the  form 

q  =  A  e-""^  sin  [  V(b  —  a^)  t  +  (p]  (6) 

which  shows  that  the  change  in  the  condenser  at  any  time  is  given 

by  a  sine  wave  of  period      .  ^^  and  of  amplitude  which 

diminishes  geometrically  at  the  rate  a. 

As  the  limiting  case  separates  the  two  complementary  regions 
of  the  real  and  the  imaginary,  we  expect  that  the  real  solution  is 
also  capable  of  reduction  to  a  form  analogous  to  (6)  and  exhibi- 
ting the  function  with  equal  clearness.  We  also  ex|x?ct  the 
transition  solution  to  be  evident  from  the  two  general  solutions ; 
but  when  they  are  in  the  above  forms,  the  transition  is  not  evident. 
We  observe  that  in  the  former  general  case  the  roots  are  treated 
as  simple  algebraic  quantities,  while  in  the  latter  general  case 
they  are  treated  as  complex  quantities.  A  complex  quantity  con- 
sists of  two  components,  one  of  which  is  real  and  the  other 
imaginary.  If  there  is  any  thorough  going  analogy,  it  must  be 
possible  to  treat  the  real  roots  also  as  a  species  of  (tomplex 
quantity. 

A  complex  quantity  a  -{-  b   ^  —  1  can  be  reduced  to  the  form 
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r  (cos  ^  +  ^ —  1  sin  d)\  f or  r  =  V  c^ '\'  b^ y  cos  d  = 
—7====,   sin  (?  =  —7=====.     If  we  enquire  into  the  geo- 

metrical  meaning  of  the  V  —  1  here  appearing,  we  shall  find 
that  it  means  a  quadrant  of  turning  round  the  axis  perpendicular 
to  the  plane  of  reference.  Let  ^  denote  that  axis,  then  ^  de- 
notes an  angle  of  0  radians  round  the  axis  j9,  and 

j9^  =  cos  ^  +  sin  e  ^. 

Hence  the  ordinary  complex  quantities  can  be  expressed  in 
the  form 

r  ^  =zr  (cos  d  +  Aiid  ^^\ 

and  they  are  simply  coaxial  quaternions,  the  axis  being  commonly 
left  unspecified,  as  it  is  the  same  for  all. 
Let  8  ^denote  another  complex  quantity, than  r  ^  X  s  fi^  = 

rs^  +  'f 

=  r  «  [cos  0  COS  <p  —  sin  (?  sin  ip  -|-  (cos  ^  sin  (?  +  <^^s  ^  ^^^  9)  ^^' 
Here  the  product  is  formed  according  to  the  theorem  for  the 
cosine  and  the  sine  of  the  sum  of  two  circular  angles.  Now  the 
circular  trigonometry  has  its  complete  counterpart  in  the  hyper- 
bolic trigonometry ;  consequently  we  expect  to  find  a  hyperbolic 
complex  number.  This  subject  was  investigated  at  length  in 
*'Papers  on  Space  Analysis,"^  which  I  published  1891  to  1894. 
In  this  paper  I  propose  to  show  that  by  treating  the  real  root  as 
a  hyperbolic  complex  quantity,  equation  (3)  can  be  reduced  in 
precisely  the  same  way  as  equation  (4). 

The  exponential  expression  for  a  circular  angle  x  is«       **j 

II 

which  expressed  definitely  is  ^^  .  By  applying  the  exponential 
theorem,  we  obtain  a  series  which  breaks  up  into  two  parts, 
namely, 

/>»*  niA  nfi 

1— — +_— _-f, 

2!^4!      61^' 
and 


•'-'C'-ri+T-} 


of  which  the  former  is  the  series  for  cos  x  and  the  latter  the  series 
for  sin  a?.  Now  because  the  terms  of  the  sine  series  are  all 
affected  by  the  sign   ^  —  1,  they  do  not  add  directly  to  the  other 

1.  "The  Imaginary  of  Algebra."  Froc.  A.  A.  A.  S.  vol.  — ,  p.  5iK  FunJa- 
moiitftl  Theorems  of  Analysis,  p.  23.  Definitions  of  the  Trigonometric  Functions, 
p.  80.     Principles  of  Elliptic  and  Hyperbolic  Analysis,  p.  17. 
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terms,  but  are  geometrically  compounded  as  forming  a  perpen- 
dicular component  to  the  terms  of  the  cosine  series.  We  enquire 
for  the  analogous  exponential  expression  for  a  hyperbolic  angle 
X.     Algebra  furnishes  none.     It  is  not  e*,  for 

and  here  there  is  no  ground  for  breaking  up  the  series  into  two 
components ;  all  the  terms  are  real,  and  so  add  directly.  For 
the  same  reason,  it  cannot  be  e~  *.     But  we  know  that 

and  sinh  a?  =  a?  +—  +—  +  ; 

o !       0  1 

there  must  therefore  be  some  proper  way  of  expressing  the  sum 
by  an  exponential  function. 


Fig.  1. 


Before  proceeding  further,  let  us  consider  what  is  meant  by  a 
hyperbolic  angle. 

In  Fig.  2,  let  a  p  be  an  arc  of  an  equilatoral  hyperbola,  o  a  and 
o  B  the  equal  semi-axes.  The  radius  o  p  is  derived  from  the 
semi-axis  o  a  by  a  hyperbolic  versor  which  has  a  magnitude  x 
and  an  axis  through  o  perpendicular  to  the  plane.  Now  x  is  not 
the  ratio  of  the  arc  a  p  to  either  the  radius  vector  o  p  or  the 
semi-axis  o  a  ;  but  the  ratio  of  twice  the  area  of  the  sector  a  o  p 
to  the  square  on  o  a.  In  the  circle.  Fig.  1,  the  ratio  of  twice  the 
area  of  the  sector  a  o  p  to  the  square  on  o  a  is  equal  to  that  of 
the  arc  a  p  to  the  semi-axis  o  a;  the  symbol  x  may  denote  either. 
But  in  the  hyperbolic  counterpart  it  is  the  ratio  of  the  areaH 
which  must  be  taken.  If  x  denotes  the  ratio  of  twice  the  area 
of  the  hyperbolic  sector  a  o  p  to  the  square  on  o  a,  then  as  a 
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matter  of  truth,  not  mere  definition,  cosh  x,  by  which  is  meant 
the  ratio  of  o  m  to  o  a,  is  equal  to 

and  sinh  Xy  by  which  is  meant  the  ratio  of  m  p  to  o  a,  is  equal  to 

X  +^  +  — + 
^  3!  ^  61^ 

We  observe  that  o  m  and  o  a  have  the  same  direction,  while  m  p 
s  at  right  angles  to  o  a  ;  hence  we  conclude  that  the  second 
series  is  really  at  right  angles  to  the  first.  But  instead  if  cos^  x 
+  sin'  a?  =  1,  we  have  cosh*  x  —  sinh'  a?  =  1 ;  the  fact  that  it 
is  the  difference  not  the  sum  of  the  squares  which  is  equal  to  1 
attaches  a  scalar  V  —  1  before  the  sinh  series.  We  conclude  that 
the  proper  expression  for  the  hyperbolic  versor  is 


11 

cosh  X  -\-  V  —  1  sinh  x  fiF ; 


and  that  the  exponential  expression  is  e  ^  —  '^^P^,    For  brevity 

II  . 

we  will  donate  fiF  by  i.    Thus  «**  denotes  a  circular  angle,  and 

e  ^""^  *  *  a  hyperbolic  angle. 

The  process  by  which  equation  (4)  is  usually  reduced  to  equa- 
tion (6)  is  highly  obscure  to  the  student.  We  shall  state  it  in 
a  form,  such  that  it  will  apply  to  the  analogous  hyperbolic  case. 
For  brevity  let  n  denote  the  square  root  of  the  difference  of  a* 
and  b ;  in  the  hyperbolic  case  n  is  less  than  a.  Equation  (4)  may 
then  be  written 

The  arbitrary  constants  Ci  and  C2  are  circular  complex  quan- 
tities ;  they  are  not  perfectly  arbitrary,  but  are  connected  in  such 
a  way  that  they  involve  only  two  independent  quantities.  Their 
magnitudes  are  equal  and  their  angles  supplementary.     Hence 

we  can  write : 

Ci  =  0  (cos  <p  -}-  i  sin  y), 

C2  =^  c  ( —  cos  ^  +  i  sin  y) ; 
then : 

cosy +isiny HI J 

=  i  2  c  «  ""  ^^  (cos  f  sin  nt  +  sin  f  cos  ntj 
=z  i  2  c  ^"^*  sin  {nt  +  f). 
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The  i  is  dropped^2c  \&  written  A,  and  thus  equation   (6)  is 
obtained. 

The  assumptions  usually  made  in  reducing  are 

^2  =  c  (  cos  (f  '\-  i  sin  tp )  and  c^  ^=  c  {  cos  <p  —  i  sin  ^ ) 

which  is  equivalent  to  making  the  angles  conjugate.   The  solution 
then  is 

y  =  2  c  d  ~^*^  cos  ( lit  +  ^ ) 

which  is  the  horizontal  instead  of  the  vertical  projection.     The 
analogous  investigation  shows  that  the  former  is  the  correct  as- 
sumption for  the  initial  conditions  of  the  discharge. 
In  the  case  of  the  hyperbolic  roots 


qz=e-^^  (c,e  ^^^  •^^  +  c«  ^-^-^  »^^). 


Let 


tjj  =  c  ( cosh  ^  -f"  ^  —  1  ^  8^"^  9  \ 
and 


(Ji  =  (J  ( —  cosh  if  -{-   V  —  \  i  sinh  ^); 
then 


gr  =  V  —  lie e^^    (  cosh  tp 


V— I  int A—  V'— 1  ifU 


2 


+  smh  if X., j 


=   V  —ii'i  c  e-^  sinh  {nt  +  if). 


and  by  dropping  y—\  i  and  writing  A  for  2  c, 

J  =  il  ^  "^^  sinh  ( n  ^  +  ^^ )  • 

Were  conjugate  hyperbolic  angles  taken  for  the  arbitrary  con- 
stants, the  horizontal  projection  would  be  obtained,  involving 
cosh  (w^  +  ^)  ^^  which  case  the  initial  current  could  not  be 
zero.  Either  projection  satisfies  the  differential  equation,  but  it 
is  only  the  former  which  satisfies  the  initial  condition  that  there 
is  no  current  at  the  beginning. 

The  meaning  of  these  solutions  is  illustrated  by  Figs.  3  and  4. 

Fig.  3  represents  the  circular  case,  o  p  multiplied  by  c  repre- 
sents <?i ,  and  o  p*  multiplied  by  c  represents  ^2 ;  o  q  multiplied 
by  c  e~~^^  represents  the  first  circular  solution  and  o  q*  multi- 
plied by  the  same  quantity  represents  the  supplementary  circular 
solution.     The  multiples  of  o  q  and  o  q^  are  compounded,  their 
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1(» 


resultant  being  2  c  e^^  of  o  m  which  represents  sin  {nt  -{-  ip). 

In  the  hyperbolic  case  (Fig.  4),  o  p  mnltiplied  by  o  represents 
<.»!,  and  o  p^  mnltiplied  by  c  represents  c^;  oq  multiplied  by 
€  e"^^  represents  the  first  hyperbolic  solution,  and  o  q^  multiplied 
by  the  same  ratio  represents  the  supplementary  hyperbolic  solution. 
The  multiples  of  o  q  and  o  q^  are  compounded,  their  resultant 
being  2  c  e"^^  of  o  m,  which  represents  the  sine  of  the  hyper- 
bolic angle  n  ^  +  y. 

By  differentiation  we  deduce  the  solution  for  the  current ;  let 


it  be  denoted  by  7.     As  7  =    -" 

a  t 


T^—Ae 


r-at 


[a  sinh  {nt  +  f )  —  n  cosh  {nt  +  f')  ] 


^  —  A   Vd'  —  n^  e-^^ 


r        a 


L  Va'  —  ri 


r-  sinh  {nt  +  ff) 
n 


cosh 


{nt  +  y)] 


=  —  ^    Va^  —  n^  e-^^ 


Vd^  —  n^ 
sinh  \nt  -^  (p  —  tanh"""^    -  )  • 


Thus  the  charge  is  in  advance  of  the  current  by  the  hyperbolic 
:angle  whose  tangent  is  — ,  which  is  the  hyperbolic  angle  at  which 


a 


both  q  and  /have  their  maximum  value.     The  same  proposition 
applies,  mutatis  mutandisy  to  the  oscillating  discharge. 

Writers  on  this  subject  call  -   the  time  constant  for  an  expo- 


1 


1 


nential  discharge,  and  >  and  , — 

^'  —a^  V  d'  —  h  —a—  V  d^  -  I 

the  time  constants  for  the  non-oscillating  discharge.  But  from 
tlie  above  presentation  of  the  subject  it  is  evident  that  i^  d^  —  h 
is  the  analogue  of  V  J  —  d^  in  the  circular  case.  There  it  means 
the  angular  velocity  of  the  auxiliary  circular  motion ;  so  here  it 
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means  the  angular  velocity  of  the  auxiliary  equilateral-hyperbolic 

gives  the  period ;    in 


Vh  —  d 


motion.     In  the  oscillating  case 

the  non-oscillating  case  — -p===  gives  the  hyperbolic  period. 

By  the  hyperbolic  period  is  meant  the  time  occupied  by  the 
radius-vector  of  the  equilateral  hyperbola  of  unit  semi-axis  to 
sweep  out  twice  the  area  of  the  circle  of  unit  radius.  This  defi- 
nition of  period  applies  to  the  circular  case  also. 

The  function  A  sin  (n  <  +  ^)  represents  the  vertical  projection 
of  a  uniform  circular  motion  of  amplitude  A^  angular  velocity  w, 
and  epoch  (p.  Similarly  the  function  A  e"^^  sin  {n  t  -{-  (p)  re- 
presents (Fig.  5)  the  vertical  projection  of  the  circular  spiral  motion 
of  the  point  p  having  angular  velocity  n^  epoch  f  and  logarithni- 
caIIv  decreasing  amplitude  A  e"^.     In  the  same  manner  the 


Fio.  6. 


function  A  e"^^  sinh  {n  t  -\-  (p)  represents  (Fig.  0,)  the  vertical 
projection  of  the  hyperbolic  spiral  motion  of  the  point  p  having 
hyperbolic  angular  velocity  w,  epoch  the  hyperbolic  angle  ^,  and 
amplitude  A  e^^^.  It  will  be  observed  that  this  spiral  is  conver- 
gent, for  n  is  less  than  a. 

By  putting  in  the  conditions  that  /=  0  and  q  =:  Q  when 
^  =  0,  we  obtain 


n 


V  a^  —  n^ 


n 


f  =  tanh    ^  —  ,  and  -4  =  ^ 
consequently 

sinh  Ini  +  tanb~"^  —  1 


^  V  d^  —  n^    —at    • 


n 


and 


r=-Q 


a' 


n* 


n 


e"^^  sinh  n  L 
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These   curves  have   a  maximum   value  when   the  angle  is 

tanh""^  — ;  hence  when  ^  =  o  and  ^  =  —  tanh""^  —  respectively. 

They  have  a   point   of   contrary   flexure,   when  the  angle  is 

2  tanh"^  ^  ;  hence  when  ^  =  —  tanh""^  ^  and  t  =  ^  tanh""^  ~ 
a  n  a  2  a 

respectively.      The  properties  of  either  curve  are  given  by  the 

general  equation 

sinh     nt  —  {m  —  1)  tanh~*  — 
corresponding  to 


n 

sm 


in    nt  —  {m  —  1)  tan~^  -- 


in  the  oscillating  case. 

The  nature  of  the  curves  for  the  charge  and  the  current  in  the 
non-oscillating  case  has  not  been  plain  to  some  electricians  of  high 
authority.  In  the  first  volume  of  his  work,  "Alternating  Current 
Transformer,"  page  379,  Professor  Fleming  represents  the  cur- 
rent graphically  by  an  exponential  curve,  which  is  far  from 
representing  the  current  correctly.  In  the  first  volume  of  his 
"Lecons  sur  l'Electricit6,"  page  256,  Professor  Gerard  represents 
the  charge  by  an  exponential  curve  which  has  no  maximum  at 
the  beginning ;  and  the  same  representation  is  given  by  Professors 
Jackson  in  appendix  C  of  their  "Alternating  Currents."  The 
(turves  are  correctly  represented  graphically  by  Doctors  Bedell 
and  Crehore  in  their  "Alternating  Currents,"  and  by  Professor 
Webster  in  his  "  Theory  of  Electricity  and  Magnetism." 

We  deduce  the  solution  for  the  transition  case  by  means  of  the 
principle  that  in  form  it  must  agree  with  what  is  common  to  the 
two  general  solutions.     Now  for  the  hyperbolic  case 

and  for  the  circular  cose 
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lieDce  for  the  transition  case 

q  =  Ae--^^  {if  ^nt). 

As  A  if  is  represented  by  a  length,  and  ^  n  by  a  linear  velocity, 
let  them  be  denoted  by  the  constants  2  c  and  2  v.  Then  q  = 
2  er-^^  (c -^  vt). 

In  the  case  of  the  horizontal  projections  the  only  common 
part  is  the  first  term  of  the  series,  namely  1 ;  hence  h  denoting 
an  arbitrary  length,  we  have  2  e"^^  h  for  that  projection.  Hence 
the  primary  form  of  the  solution  of  the  differential  equation  in 
the  transition  case  is 

q  =  e''^'\[h  +  i{c  +  vt)-\  +  [-b  +  i{c  +  vt)M 

This  is  represented  in  Fig.  7,  which  is  the  transition  between 
Figs.  3  and  4.      op   represents  b  -\-  ic^   and   o  p^   represents 

—  J  +  *  c ;    o  Q  represents  h  -\-  i  {c  -\-  vt)  and  o  q^  represents 

—  h  -\'  i  {c  -\'  vt)\  o  M  represents  half  of  the  resultant  of  o  q 
and  o  Q^ 

By  putting  in  the  conditions  that  /  =  0  and  q  =  Q  when 
^  =  0,  we  obtain 

q=  Q  ^-«<  {at+1) 

and  I—  —  Q  e-^^  a^  t 
The  general  differential  co-efficient  is 
d"^  q 


dt 


m 


=  (—1)™  Q  ^-«^  aJ^  \at  —  {m  —  1)1. 


Hence  j'  is  a  maximum  when  ^  =  <?,  and  has  a  point  of  contrary 

flexure  when  ^  =  _  ;  and  /  has  a  maximum  when  ^  =  —  and  a 

a  a 

2 
point  of  contrary  flexure  when  ^  =  —  .     Thus  we  see  that  1 

takes  the  place  of  tan"^  —  or  tanh"*    -  ,  and  that  a  takes  the 

a  a 

place  of  n. 

Fig.  8  is  the  transition  between  Figs.  5  and  0.  The  point  r 
<lescribe8  a  uniform  motion  along  the  straight  line ;  op  is  o  r 
diminished  at  a  uniform  geometrical  rate,  o  q  is  the  vertical  pro- 
jection of  o  p.  The  path  of  p  is  perpendicular  to  o  a  at  the 
point  o,  whereas  in  the  hyperbolic  case  it  makes  an  angle  of  45°. 

If  attention  is  restricted  to  real  roots,  it  is  difBcult  to  see  why 
the  transition  solution  is  not  of  the  form  q  ^=^  A  ^~''^,  nor  is  the 
matter  made  very  clear  in  treatises  on  Differential  Equations. 
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The  preceding  investigation  throws  new  light  on  the  theory 
of  the  quadratic  equation.  The  current  theory  may  be  stated  as 
follows:  A  quadratic  equation  has  either  two  real  roots,  or  two 
imaginary  roots,  the  separating  case  being  when  the  roots  are 
equal.  Accordiijg  to  the  results  of  the  preceding  investigation, 
the  theory  should  be  stated  as  follows:  So  far  as  real  roots  are 
concerned,  a  quadratic  equation  has  either  two  such  roots,  or  else 
none,  the  separating  case  being  where  they  are  equal.  The  two 
general  cases  are  the  real  and  the  impossible.  As  regards  com- 
plex roots,  a  quadratic  equation  has  either  two  conjugate  hyper- 
bolic roots,  or  else,  two  conjugate  circular  roots,  the  separating 
case  being  where  they  are  straight-line.  Consider  the  quadratic 
equation  o?  -{-  2  ux  -}-  h  =  0,  li  a^  is  greater  than  5,  the  roots 
are  hyperbolic,  and 

a?i  =  —  ^  +   i'  ^^^  i  V  a^  —  h 


a?2  =  — a-   V  —  \i  V  a^—h 


Fig.  8. 


If  we  substitute  either  root  in  the  equation,  we  shall  find,  just 
as  in  the  case  of  the  circular  roots,  that  the  terms  which  do  not 
involve  i  cancel  one  another,  and  likewise  the  terms  which  do 
involve  /.  The  equation  is  doubly  satisfied  by  the  independent 
vanishing  of  the  two  parts. 

The  preceding  investigation  has  an  important  bearing  on  tlie 
theory  of  the  complex  quantity,  a  theory  which  lies  at  the 
foundation  of  algebraic  analysis.  The  eminent  mathematician 
Cayley  maintained  that  the  complex  quantity  a  -}-  *^  is  the  most 
general  magnitude  considered  by  algebra,  and  that  were  it  fully 
investigated  the  science  would  become  totus  teres  atque  rotun- 
duH.  Tlie  current  doctrine  among  mathematicians  is  thus  stated 
in  a  recent  able  work  on  alternating  currents,  where  from  the 
nature  of  the  subject  the  circular  complex  (juantity  is  a  funda- 
mental idea : 
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"Within  the  raDge  of  algebra  no  further  extension  of  the 
system  of  numbers  is  necessary  or  possible,  and  the  most  general 
number  is  a  -{-  ibj  where  a  and  b  can  be  integers  or  fractions, 
positive  or  negative,  rational  or  irrational."  ^Let  the  question  be 
limited  to  the  algebra  of  the  plane  although  th^t  is  in  truth  an 
arbitrary  restriction,  for  spherical  trigonometrical  analysis  is  as 
much  algebra  as  is  plane  trigonometrical  analysis.  The  preceding 
investigation  shows  that  the  ordinary  complex  quantity  is  only 
one-half  of  the  whole  subject  of  plane  algebra ;  for  parallel  with 
the  circular  complex  quantity  we  have  a  hyperbolic  complex 
quantity,  and  for  every  theorem  about  the  former  there  is  an 
analogous  theorem  about  the  latter.  If  the  one  is  within  the 
domain  of  algebra,  so  is  the  other.  Here  we  have  another  in- 
stance of  the  danger  involved  in  predicating  impossible. 

1.  Steinmetz,  "Alternating  Current  Phenomena/'  p.  405. 
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Discussion  at  Eliot,  Me.,  July  27,  1897. 

Mr.  Chas.  p.  Steinmetz  : — I  have  been  very  much  interested 
in  this  paper  of  Dr.  Macfarlane's,  since  it  offers  a  common  method 
of  calculation  for  the  two  different  classes  of  phenomena  which 
can  take  place,  if  a  condenser  discharges  through  a  circuit  of  re- 
sistance and  inductance.  Such  a  condenser  discharge  can  either 
be  an  oscillating  current,  that  is,  a  current  similar  to  an  alterna- 
ting current,  but  gradually  decreasing  in  amplitude,  or  it  may  be 
a  steady  discharge,  that  is  a  gradual  dying  out  without  reversal. 
The  former  is  the  case  if  the  resistance  of  the  circuit  is  below, 
the  latter  if  it  is  beyond  a  certain  critical  value. 

The  usual  method  of  investigation  of  these  phenomena  leads 
to  two  different  functions,  an  exponential  function  for  the  steady 
discharge  which  becomes  imaginary  if  the  resistance  is  below 
the  critical  value,  and  a  trigonometric  function  for  the  oscillating 
discharge  which  becomes  imaginary  if  the  resistance  is  above 
the  critical  value. 

Both  these  two  forms  of  discharge  are  apparently  entirely 
different  from  each  other,  nevertheless  in  reality  they  are  of  the 
same  nature  and  gradually  change  into  each  other  as  you  will 
best  see  by  considering  a  mechanical  analogon,  as  a  pendulum  in 
motion.  A  pendulum,  when  set  in  motion  in  air,  will  make  a 
lesser  or  larger  number  of  oscillations  with  gradually  decreasing 
amplitude,  until  it  comes  to  a  standstill.  The  rapidity  of  decrease 
of  oscillations  depends  upon  the  resistance  of  the  medium  in 
which  it  moves,  thus  for  instance  in  a  more  resisting  medium  as 
in  water,  the  amplitude  of  oscillation  of  the  pendulum  will  de- 
crease much  faster  than  in  air  and  it  will  come  to  rest  very  shortly. 
In  a  still  more  viscous  medium  the  oscillations  will  die  out  still 
more  rapidly  and  only  very  few  oscillations  take  place  and  ulti- 
mately only  a  half  oscillation,  that  is,  the  pendulum  will  be 
brought  to  rest  by  the  resistance  of  the  medium  without  ever 
passing  over  the  position  of  equilibrium.  The  latter  case  is  ana^ 
logons  to  the  steady  discharge. 

It  is  very  gratifying  to  see  in  the  paper  these  two  sides  of  the 
same  phenomenon  of  condenser  discharge,  represented  by  the 
same  symbolism. 

There  is,  however,  one  sentence  in  the  end  of  the  paper  in 
reference  to  a  statement  which  I  made  once  regarding  the  posi- 
tion of  the  complex  imaginary  quantity  in  algebra.  I  am  sorry 
to  say  that  I  cannot  agree  with  Dr.  Macfarlane  on  this  point,  but 
have  to  maintain  my  former  position. 

All  the  eminent  mathematicians  of  modem  times  as  far  as  they 
have  taken  position  at  all,  have  considered  the  complex  imaginary 
quantity  as  the  most  general  algebraic  quantity,  and  that  there 
is  no  further  extension  of  algebra  possible  outside  of  the  complex 
imaginary  Quantity.  It  is  obvious  that  these  mathematicians 
cannot  possibly  have  been  mistaken. 


^ 
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In  opposition  hereto,  Dr.  Macfarlane  takes  the  stand  that  there 
are  other  complex  imaginary  quantities  possible  outside  of  the 
complex  imaginary  one,  and  even  offers  here  in  the  paper  a 
complex  imaginary  or  hyperbolic  quantity  outside  of  the  complex 
quantity  of  pure  mathematics.  It  is  evident  that  there  must  be 
a  mistake  somewhere,  and  we  can  discover  the  mistake  by  look- 
ing on  page  165  of  Dr.  Macfarlane's  paper,  where  he  introduced 
this  hyperbolic  complex  imaginary  quantity.  He  says  there  in 
the  second  line,  "If  we  inquire  into  the  geometrical  meaning  of 

the  V — 1  here  appearing,  we  shall  find  that  it  means  a  quadrant 
of  turning  round  the  axis  perpendicular  to  the  plane  of  refer- 
ence," then  he  introduces  the  hyperbolic  quantity.  This  shows 
the  source  of  the  mistake.  The  quantity  introduced  here  by  Dr. 
Macfarlane  is  a  vector  symbolism,  that  is  the  symbolic  represen- 
tation of  a  plane  vector,  or  in  other  words,  of  a  geometrical  re- 
lation, similar  as  for  instance  the  system  of  quaternions  is  a  space 
vector  symbolism.  A  vector  symbolism  is  not  yet  an  algebraic 
quantity,  for  instance  the  quarternions  are  not  algebraic  quantities. 

Undoubtedly  the  number  of  possible  vector  symbolisms  is  un- 
limited, the  number  of  algebraic  quantities  is  however  limited. 

We  have  thus  to  see  what  is  the  meaning  of  an  algebraic 
quantity. 

An  algebraic  quantity  is  a  quantity  with  which  we  can  operate 
by  the  common  rules  of  algebra,  that  is,  multiply,  divide,  solve 
equations,  etc. 

There  is  one  fundamental  principle  underlying  all  algebraic* 
operation,  that  is  the  principle  that  if  a  product  is  zero  one  of 
the  factors  must  be  zero. 

Even  the  simplest  calculations  are  based  on  this  principle. 

Take  for  instance  the  case  that  you  have  measured  a  resistance 
r  and  find, 

5  7-  =  20 

everybody  will  say  herefrom, 

/•  =  4. 

Explicitly  the  operations  were, 

5  /•  =  20 

5  7*  —  20  =  0 

5  (;^  _  4)  =  0 

,•—4  =  0 
/'  =  4 

As  you  see  in  deriving  this  result  r  =  4  from  5  /'  =  20,  a 
result  which  everybody  would  take  for  granted  immediately,  we 
have  made  use  of  the  fundamental  principle  of  algebra  by  can- 
celling with  5,  that  is  assuming  that  if  the  product  5  (/•  —  4)  =  0 
and  tlie  one  factor  5  is  not  zero,  the  other  factor  /•  —  4  must  be 
zero.     Thus  if  this  principle  does  not  hold,  the  calculation  would 
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be  erroneous,  or  in  other  words,  every  possibility  of  calculation 
would  cease,  and  it  is  erroneous  for  Quantities  which  are  not 
algebraic,  as  for  instance  for  the  hyperbolic  vector  quantity  in- 
troduced by  Dr.  Macfarlaue. 

Let  us  see  now  how  the  complex  ima^ary  quantity  stands 
with  regard  to  this  fundamental  principle  of  algebraic  quantities. 

Let  a  -\-j  h  be  a  complex  imaginary  quantity  and  a?  +^'  y 
another  complex  imaginary  quantity.  Let  their  product  be  zero, 
that  is^ 

(a+jh){x-\-jy)  =  0 

If  now  a  -{-jh  is  a  quantity  differing  from  zero,  the  above 
mentioned  fundamental  principle  of  algebra  requires  that  we  can 
cancel  the  equation  with  a  -{-  j  b  and  thus  get, 

that  is  in  other  words,  if  (^ +./^)  (^"t" /y)  =  ^  *°d  « +^^ 
differs  from  zero,  x  -\-j  y  must  be  zero,  i^  the  complex  quannty 
is  an  algebraic  quantity. 

From  {a  -^-j  h)  {x  \-  j  y)  =  0  it  follows: 

(a  a?  +/  J  y)  -fj  (a  y  +  J  a?)  =  0 

or  since  ^"^  =  —  1  by  definition  of  the  imaginary  unit,  it  is 

{ax  — by)  +j  (a  y  +  J  a?)  =  0 

since,  however,  j  is  a  different  kind  of  unit,  either  of  the  two 
terms  of  the  last  equation  must  be  zero,  that  is, 

ax  —  J  y  =  0 
fl^  y  +  i  a?  =  0 

Since  a  and  b  differ  from  zero,  we  can  eliminate  a  and  h  from 
these  two  symmetrical  equations  and  get  the  result, 

ar^  +  y^  =  0 

This  condition  can  be  fulfilled  only  by 

a;  =  0 
y  =  0 
that  means  x  -\-  j  y  =  0, 
Thence  from  the  equation, 

{a+jh){x  +  jy)  =  0 
it  follows, 

that  is  the  complex  imaginary  quantity  is  an  algebraic  quantity 
and  can  be  treated  as  such. 

Take,  however,  the  hyperbolic  complex  quantity  introduced 
by  r)r.  Macfarlaue. 


The  hyperbolic  imaginary  unit  of  his  is,  V — 1  P^  or  i  V — I. 
For  brevity,  we  may  denote :  i  V — 1  =  l\    It  is  defined  by, 

A?  =  +  1 


178        MAOFARLANE  ON  DI8CHARGK  OF  CONDBNSER.    [July  26. 

assaming  again  the  product  of  two  Buch  complex  quantities  equal 
zero: 

(a  +  i  J)  (a?  -f  *  y)  =  0 
it  follows 

{a  X  +  ^l  y)  -\-  k  {a  y  +  b  x)  =  0 

or  since  A?  ==  +  1  and  the  two  terms  of  the  last  equation  are  of 
different  nature,  it  follows, 

ax  -\-b  y  =^  0 
a  y  +  J  a;  =  0 

or,  eliminating  a  and  },  we  get, 

a?—y^  =  0 
that  is, 

Xr=  ±  y 

This  means,  if  a?  =  ±  y,  the  product  {a  -j-  kb)  {x  -j-  k  y)  can 
be  zero  without  either  factor  being  zero. 

Since  x  and  y  differ  from  zero  it  follows  analogously,  as  con- 
dition of  zero  value  of  the  above  given  product,  that, 

that  is,  if  in  two  hyperbolic  complex  imaginary  quantities  the 
coefficient  of  the  real  term  equals  the  coefficient  of  the  imaginary 
term,  but  the  signs  of  the  imaginary  components  are  opposite, 
the  product  of  these  two  liyperbolic  complex  quantities  is  zero 
without  either  factor  being  zero. 

{a  ±  k  a)  (x  ip  kx)  =•  0 

Furthermore  it  follows  that  the  hvperbolic  complex  imaginary 
quantity  of  this  paper  is  not  an  alge\)raic  quantity,  and  that  equa- 
tions in  such  quantities  cannot  be  handled  by  the  laws  of  algebra, 
for  instance,  cannot  be  cancelled  by  a  constant  factor  without 
being  liable  to  see  an  equality  changed  into  an  inequality.  That 
means  the  hyperbolic  imaginary  quantity,  while  a  vector  symbo- 
lism, is  not  an  algebraic  quantity,  and  my  statement  that  the 
complex  imaginary  quantity  is  the  only  and  most  complete  alge- 
braic quantity  still  holds. 

Dr.  a.  E.  Kennelly: — I  am  sorry  that  Dr.  Macfarlane  is  not 
with  us,  because  we  might  expect  an  animated  discussion  on  the 
points  Mr.  Steinmetz  has  raised.  There  are  several  matters  of 
great  interest  in  this  paper.  I  will  only  venture  to  call  attention 
to  two  of  them. 

We  all  know  that  if  a  plane  cuts  a  right  cone  at  right  angles  to 
its  axis,  the  curve  of  intersection  is  a  circle.  If  the  cutting  plane 
is  tilted,  the  circle  becomes  an  ellipse;  until,  when  the  plane  is 
parallel  to  one  side  of  the  cone  the  curve  becomes  a  parabola ; 
and,  finally  when  the  plane  is  tilted  beyond  this  position  the  curve 
is  a  hyperbola. 

The  results  pointed  out  by  the  author  may  be  expressed  as  fol- 
lows :  When  a  perfect  condenser  discharges  through  a  perfectly 
conducting  circuit,  ?.  d.,  a  resistanceless  circuit,  containing  indue- 
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tance,  the  discharge  is  oscillatory  without  damping,  and  may  be 
represented  by  the  motion  of  a  point  in  an  ellipse  with  equiang- 
ular velocity  around  tlie  centre,  the  angle  being  measured  ellipti- 
cally ;  or,  by  the  motion  of  a  point  in  a  circle  with  equiangular 
velocity,  as  a  particular  case  of  the  ellipse. 

When  the  discharging  circuit  is  not  perfectly  conducting,  but 
offers  a  resistance,  such  that  its  magnetic  time-constant  is  greater 
than  one-fourth  of  the  static  time-constant,  the  discharge,  no  longer 
undamped,  may  be  represented  by  equiangular  velocity  in  an 
ellipse — with  the  circle  as  a  particular  case— accompanied  by  a 
logarithmic  shrinking  of  the  radius  vector.  The  trace  of  the 
point's  motion  is  therefore  a  logarithmic  spiral,  or  an  orthogonal 
projection  of  the  same  on  an  inclined  plane,  i.  e.j  a  logarithmic 
elliptical  spiral. 

When  tiie  discharging  circuit  has  so  much  resistance  that  the 
magnetic  time-constant  is  greater  than  one-fourth  of  the  static 
time-constant,  the  cutting  plane  of  the  cone  must  be  tilted  from 
the  elliptic  curve  to  the  hyperbolic  curve.  The  discharge  of  the 
condenser  may  now  be  represented  by  equiangular  velocity  in  the 
hyperbola,  a  rectangular  hyperbola  as  a  particular  case,  accom- 
panied by  logarithmic  shrinking  of  the  raaius  vector.  The  trace 
of  the  point's  motion  is  therefore  a  logarithmic  hyperbolic  spiral. 

When  the  discharging  circuit  has  critical  resistance,  so  that  the 
magnetic  time  constant  l/r  is  one-fourth  of  the  static  time  constant 
or  c  r/4,  the  cutting  plane  must  occupy  the  intermediate  position, 
and  the  curve  becomes  a  parabola.  The  discharge  of  the  con- 
denser may  now  be  represented  by  equiangular  velocity  in  the 
parabola,  accompanied  by  logarithmic  shrinking  of  the  radius 
vector.  The  trace  of  the  point's  motion  is  therefore  a  logaritli- 
mic  parabolic  spiral. 

I  do  not  mean  that  the  above  statements  are  all  in  the  paper 
before  us,  although  some  of  them  are  there.  I  mean  that  these 
are  conclusions  to  which  the  very  interesting  treatment  in  the 
paper  appears  to  lead. 

The  second  point  is  of  less  interest  to  us  as  electricians,  it  is  at 
present  almost  wholly  of  mathematical  interest.  The  square  root 
of  minus  unity  was  originally  called  imaginary,  because  it  was 
regarded  as  a  logical  reduction  to  an  impossible  or  unusual  result. 
Later  it  became  readily  interpreted  geometrically  as  the  operator 
which  rotates  a  line  counter-clockwise  in  a  plane  through  a  right 
angle.  No  other  interpretation  has  hitherto  been  given  to  mis 
symbol  so  far  as  I  know.  Dr.  Macfarlane  now  points  out  that 
it  is  also  capable  of  a  new  meaning  in  which  it  is  not  a  versor 
but  a  scalar. 

Mr.  Steinmetz  : — I  may  add  that  whatever  criticisms  I  have 
made  does  not  apply  to  the  particular  application  of  hyperbolic 
imaginary  quantities  made  by  Dr.  Macfarlane,  since  in  ms  paper 
these  complex  quantities  are  never  used  as  products,  as  for  in- 
stauce,   couiznon  complex  imaginary  quantities  at^  wsfe^  ^\i«bl 
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deriving  e.  m.  f.  as  product  of  current,  impedance,  etc.  It  is 
only  in  this  latter  case  where  it  becomes  essential  that  the  com- 
plex quantity  is  an  algebraic  Quantity. 

Db.  F.  a.  C.  Perrine  : — There  is  just  one  point — ^in  speaking 
of  complex  quantities,  which  are  really  not  the  subject  of  the 
paper,  but  nevertheless  have  been  brought  up  in  this  discussion — 
m  respect  to  which  I  think  there  is  an  error  that  has  been  com- 
monly committed  and  has  interfered  with  the  general  under- 
standing of  the  complex  quantity,  and  that  is  the  error  of 
considering  the  introduction  of  the  complex  quantity  solely,  as 
Mr.  Kennelly  says,  for  the  geometrical  interpretation  of  a  partic- 
ular mathematical  symbol,  and  that  our  interpretation  of  the 
complex  quantity  is  that  if  we  plot  alone  one  axis  the  value  «/, 
and  on  the  other  axis'the  value  of  the  real  quantity — we  will  call 
it  A — than  any  vector  may  be  representea  by  a  sum  which  we 
will  call  A  -\-  B  J.  Now  additions  or  subtractions  may  be  per- 
formed entirely  geometrically.  Let  us  attempt  to  obtain  a 
multiplication.  T^ke  another  vector  which  we  will  call  C-\-  DJ^ 
and  commonly  we  refer  this  to  a  unit  vector  in  order  to  obtain 
multiplication,  take  this  point  as  the  unit  vector,  then  the  multi- 
plication of  these  two  quantities  is  performed  by  drawing  on  the 
first  vector  a  triangle  entirely  similar  to  the  triangle  drawn  by 
joining:  the  end  of  the  unit  vector  and  the  second  vector.  This 
will  give  us  a  third  vector  wliich,  in  the  geometrical  interpreta- 
tion, lias  been  sometimes  called  the  product  of  these  two  vectors. 
Now  as  an  actual  fact,  that  is  not  the  product  which  we  can  use 
in  our  analytical  working,  for  the  real  product  of  these  two 
vectors  is  the  product  of  their  scalar  values  times  the  cosine  of 
the  anele  between  them,  which  is  an  entirely  different  product 
from  this  geometrical  form  of  product.  This  is  an  error  I  have 
never  seen  pointed  out,  though  I  have  noticed  more  than  one 
writer,  shortly  after  the  World's  Fair,  who  began  to  explain  the 
system,  and  after  reaching  geometrical  multiplication  was  com- 
pelled to  stop,  because  the  saying  that  this  vector  representation 
of  the  complex  quantity  is  a  geometrical  method  of  interpreting 
the  square  root  of  minus  one,  fails  as  soon  as  we  accept  tne  geo- 
metrical method  of  multiplication  which  is  the  only  method  of 
multiplication  of  the  complex  vectors  which  has  been  at  all  des- 
cribed in  the  chapters  in  the  algebras  on  the  complex  quantities, 
and  it  leads  to  entirely  wrong  results,  and  it  shows  at  once  that 
the  true  method  of  dealing  with  the  complex  quantities  is  an 
algebraic  method  and  not  at  all  a  geometric  method. 

Mr.  Steinmetz  : — I  agree  with  the  last  speaker  that  in  multi- 
plying complex  imaginary  quantities  we  have  to  deal  algebraic- 
ally, since  in  multiplying  two  complex  imaginary  quantities 
geometrically,  the  product  of  the  two  quantities  may  have  no 
meaning. 

In  the  geometrical  multiplication  the  product  of  two  complex 
quantities  as  vectors  is  a  vector  again.     Wherever  the  product  of 
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the  two  quantities  represented  by  the  complex  nnmbers  is  not  a 
vector  quantity,  it  is  obviously  not  feasible  to  represent  it  in  the 
diagram  by  a  vector,  and  thus  the  geometrical  multiplication 
becomes  meaningless.  This  is  for  instance  the  case  when  multi- 
plying current  and  e.  m.  f.  to  derive  the  power,  since  power  is  of 
double  frequency  and  thus  cannot  be  represented  in  the  polar 
vector  diagram  of  single  frequency. 

Db.  Pebbine  : — That  is  perfectly  true ;  but  at  the  same  time 
it  is  not  as  much  a  foregone  conclusion  as  you  might  think ; 
because  I  was  taught  to  multiply  these  complex  quantities  in 
that  way  by  a  man  who  had  learned  it  from  no  less  a  man  than 
Weyerstrass  in  Germany,  and  this  was  given  to  me  as  the  sum  of 
knowledge  in  regard  to  complex  quantities,  and  I  think  that  a 
great  many  learners  have  been  confused  by  exactly  that  error 
m  the  geometrical  interpretation  of  complex  quantities. 

Mb.  Steinmetz: — The  geometrical  multiplication  of  complex 
quantities  is  obviously  just  as  correct  as  the  algebraical  multi- 
plication, wherever  the  product  can  be  represented  geometrically, 
that  is  wherever  the  product  is  a  vector,  as  for  instance  when 
multiplying  current  with  impedance  or  e.  m.  f.  with  admittance. 
Only  where  the  product  of  the  two  vectors  is  not  a  vector,  as 
when  multiplying  current  and  e.  m.  f.,  the  geometrical  multi- 
plication which  gives  a  vector  as  product,  becomes  meaningless. 

Db.  Louis  Bell  : — It  seems  to  me  that  this  discussion  gives  a 
very  beautiful  example  of  how  not  to  use  certain  mathematical 
symbols.  1  think  we  owe  to  Mr.  Steinmetz  a  great  deal  for  his 
clever  manipulation  of  the  imaginary  quantity  in  the  solution  of 
physical  problems,  but  I  do  not  know  that  anything  has  been 
brought  out  more  clearly  in  this  discussion,  than  the  necessity  of 
tying  yourself  up  to  vour  physical  conceptions.  Whenever  you 
let  yourself  loose  ana  deal  with  imaginary  quantities  which  have 
not  a  close  and  precise  physical  meaning,  you  are  apt  to  get  into 
trouble.  Just  so  long  as  you  tie  yourself  up,  keep  out  your  sheet 
anchor,  look  sharply  as  to  the  character  of  the  quantities  with 
which  you  are  dealing,  you  will  derive  yery  valuable  results. 
As  soon  as  you  cease  remembering  that  these  imaginary  quanti- 
ties are  means  to  an  end,  that  they  form  a  vastly  convenient  and 
very  precise  method  of  dealing  with  certain  physical  things — 
as  soon  as  you  forget  that,  and  start  with  a  free  hand  to  swing 
your  complex  quantities  for  the  purpose  of  seeing  what  trans- 
cendental results  you  can  get,  then  you  are  almost  ready  to  get  into 
difficulty.  Mr.  Steinmetz  has  given  us  some  beautiful  examples 
of  the  way  in  which  it  should  be  used,  and  Dr.  Perrine  has  cer- 
tainly given  one  or  two  examples  of  the  way  in  which  it  should 
not  be  used.  That  fact  runs  all  through  our  physical  mathe- 
matics ;  that  as  soon  as  you  get  out  of  sight  of  physical  inter- 
pretations and  start  out  with  a  free  sheet  your  cruise  may  bring 
you  to  some  place  which  you  desire  to  reach ;  it  may  land  you 
m  a  place  from  which  nothing  but  an  all-wise  provide\i<i.^  ^awc^ 
extricate  you. 
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Mr.  Charles  P.  Steinmetz  then  read  the  following  paper  on 
"  The  Alternating  Cnrrent  Induction  Motor." 
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Crocker  in  the  Chair. 


THE    ALTEKNATING    CUKKENT    INDUCTION 

MOTOR 


BY   OHABLES   PROTEUS   STEimiETZ. 


Polyphase  Induction  Motor. 

§  1.  Load  Curves, — In  its  general  behaviour  the  alternating 
current  induction  motor  is  analogous  to  the  continuous  current 
sliunt  motor.  Like  the  shunt  motor  it  operates  at  approximately 
constant  magnetic  density.  It  will  run  at  fairly  constant  speed, 
slowing  down  gradually  with  increasing  load.  The  main  differ- 
ence, however,  is  that  in .  the  induction  motor  the  current  is  not 
passed  into  the  armature  by  a  system  of  brushes,  as  in  the  con- 
tinuous current  motor,  but  induced  in  the  armature  by  the  alter- 
nating field,  and  in  consequence  thereof,  the  primary  circuit  of 
the  induction  motor  fulfils  the  double  function  of  an  exciting 
circuit  corresponding  to  the  field  circuit  of  the  continuous  current 
shunt  motor,  and  an  inducing  circuit  producing  the  current  in 
the  armature  by  electro-magnetic  induction. 

In  its  electro-magnetic  features,  however,  the  induction  motor 
is  essentially  a  transformer.  That  is,  it  consists  of  a  magnetic 
circuit  interlinked  with  two  electric  circuits,  the  primary  or  in- 
ducing, and  the  secondary  or  induced  circuit.  The  difference 
between  transformer  and  induction  motor  is  that  in  the  former 
the  secondary  is  fixed  regarding  the  primary,  and  the  electrical 
energy  induced  in  the  secondary  is  made  use  of,  while  in  the 
latter  the  secondary  is  movable  regarding  the  primary  and  the 
mechanical  force  acting  between  primary  and  secondary  is  used. 

The  secondary  or  armature  of  the  motor  consists  of  two  or 
more  circuits  displaced  in  phase  from  each  other  so  as  to  offer  a 
closed  secondary  to  the  primary  circuits,  irrespective  of  the 
relative  motion.    The  primary  consists  of  one  or  several  circ\iitfi^. 
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In  conseqaence  of  the  relative  motion  of  the  primary  and  sec- 
ondary, the  magnetic  circuit  of  the  induction  motor  must  be 
arranged  so  that  the  secondary  while  revolving  does  not  leave 
the  magnetic  field  of  force.  That  means  tlie  magnetic  field  of 
force  must  be  of  constant  intensity  in  all  directions,  or  in  other 
words  the  component  of  magnetic  flux  in  any  direction  in  space 
be  of  the  same  or  approximately  the  same  intensity  but  differing 
in  phase.  Such  a  magnetic  field  can  either  be  considered  as 
superposition  of  two  magnetic  fields  of  equal  intensity  in  quad- 
rature in  time  and  space,  or  it  can  be  represented  theoretically 
by  a  revolving  magnetic  flux  (»f  constant  intensity,  or  simply 
treated  as  alternating  magnetic  flux  of  the  same  intensity  in  every 
direction. 

In  the  polyphase  motor  this  magnetic  field  is  produced  by  a 
number  of  electric  circuits  displaced  from  each  other  in  position 
in  space,  and  excited  by  currents  having  the  same  displacement 
in  phase  as  the  exciting  coils  have  in  space. 

In  the  monocyclic  motor  the  one  of  the  two  superimposed 
quadrature  fields  is  excited  by  the  primary  energy  circuit,  the 
other  by  the  magnetizing  or  teaser  circuit. 

In  the  single  phase  motor  the  one  of  the  two  superimposed 
magnetic  quadrature  fields  is  excited-  by  the  primary  electric 
circuit,  the  other  by  the  induced  secondary  or  armature  currents 
carried  into  quadrature  position  by  the  rotation  of  the  secondary. 

In  either  case,  at  or  near  synchronism  the  magnetic  fields  are 
identical. 

The  transformer  feature  being  predominant,  in  theoretical  in- 
vestigations of  induction  motors  it  is  generally  preferable  to  start 
therefrom. 

The  characteristics  of  the  transfonner  are  independent  of  the 
ratio  of  transformation,  other  things  being  equal.  That  is,  doub- 
ling the  number  of  turns  for  instance,  and  at  the  same  time 
reducing  their  cross-section  to  one-half,  leaves  the  efficiency,  regu- 
lation, etc.,  of  the  transfonner  unchanged.  In  the  same  way  in 
the  induction  motor  it  is  unessential  what  the  ratio  of  primary 
and  secondary  is,  or  in  other  words  the  secondary  circuit  can  be 
wound  for  any  suitable  number  of  turns,  provided  the  same  total 
copper  cross-section  is  used.  In  consequence  hereof  the  secon- 
dary circuit  Ls  mostly  wound  with  one  or  two  bars  per  slot,  to 
get  maximum  amount  of  copper,  that  is  minimum  resistance  of 
secondary. 
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The  general  characteristics  of  the  induction  motor  being  inde- 
pendent of  the  ratio  of  turns,  it  is  for  theoretical  considerations 
simpler  to  assume  the  secondary  motor  circuit  reduced  to  the 
same  number  of  turns  as  the  primary,  or  the  ratio  of  transforma- 
tion 1,  by  multiplying  all  secondary  currents  and  dividing  all 
secondary  electromotive  forces  with  the  ratio  of  tarns,  multiply- 
ing all  secondary  impedances  and  dividing  all  secondary  admit- 
tances by  the  square  of  the  ratio  of  the  turns,  etc. 

Thus  in  the  following  under  secondary  current,  e.  m.  f.  im- 
pedance, etc.,  shall  always  be  understood  their  values  reduced  to 
the  primary,  or  corresponding  to  a  ratio  of  turns  1  to  1,  although 
in  practice  a  ratio  1  to  1  will  hardly  ever  be  used,  as  not  fulfilling 
the  condition  of  ui^form  magnetic  reluctance  desirable  in  the 
starting  of  the  induction  motor. 

Let  in  the  polyphase  induction  motor 

Yo  =  ff  +  jh  =  primary  admittance,  or  admittance  of  the 
primary  circuit  at  open  secondary  circuit. 

Zo  =  Tq  — jXf,  =  primary  impedance. 

Zi  =  rj  — y  a?i  =  secondary  impedance  reduced  to  the  primary 
by  the  ratio  of  turns.' 

All  these  quantities  refer  to  one  primary  circuit  and  one  cor- 
responding secondary  circuit.  Thus  in  a  three-phase  induction 
motor  the  total  power,  etc.,  is  three  times  that  of  one  circuit,  in 
the  quarter-phase  motor  with  three-phase  armature  the  imped- 
ance of  1^  of  the  three  secondary  circuits  is  to  be  considered  as 
corresponding  to  each  of  the  two  primary  circuits,  etc. 

Let 

e  =  primary  counter  electromotive  force,  or  electromotive  force 
induced  in  the  primary  circuit  by  the  flux  interlinked  with  pri- 
mary and  secondary  (mutual  induction). 

s  =  slip,  with  the  primary  frequency  as  unit,  that  is,  *  =  0 
denoting  synchronous  rotation,  «  =  1  standstill  of  the  motor. 

It  is  then : 

1  —  s  =  speed  of  the  motor  secondary  as  fraction  of  synchron- 
ous speed. 

s  N  •=■  frequency  of  secondary  currents,  where 

N  =  frequency  impressed  upon  the  primary 
hence 

«  «  =  E.  M.  F.  induced  in  the  secondary. 

1.  The  self  inductive  reactance  refers  to  that  flux  which  surrounds  one  of  the 
electric  circuits  only  without  being  interlinked  with  the  other  cirouits. 
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The  actual  impedance  of  the  secondary  circuit  at  the  frequency 

Z^  =  ri  —J  8  Xi 
hence, 

Secondary  current : 


where : 


d^  =  1 a^  =:  -— — s' 


Primary  exciting  current : 

hence, 

Total  primary  current : 

where: 

fti  =  «i  +  S'        Ja  =  «2  +  *- 

The  E.  M.  F.  consumed  in  the  primary  circuit  by  the  impedance 
Zo  is  lo  Zoy  the  counter  e.  m.  f.  is  ^,  hence : 

Primary  terminal  voltage : 

£^  =  e  +  lo  Z^  =  e  [1  +  {b^+  J  hi) {r^  —j  s^)]  =  e  {c{  +j  <?,), 
where : 

Ci  =:  1  +rohi-]'  Soh  ^  =  ^0*2  —  «o  ^1- 

Eliminating  complex  quantities,  it  is : 

hence, 

Counter  e.  m.  f.  of  motor : 

where: 

£o  =  impressed  e.  m.  f.,  numerical  value. 

Substituting  this  value  in  the  equations  of  /©,  /©oj  ^>  ©tc.? 
gives  the  complex  expressions  of  currents  and  e.  m.  f.'s,  and, 
eliminating  the  imaginary  quantities,  it  is : 

Secondary  current : 

Exciting  current : 
Primary  current : 
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Denoting  by : 

[Jf  N"\  =  [(m,  +^'  m^)  {til  +y  Wj)]  the  product: 

?7?i  71^1  +  T/ij  Tij,  it  is : 
Torque : 

hence, 

Power  output : 

P  =  {l  —  8)  T  =  ^a,  (1  -  8), 

Primary  input : 

Po  =  [/o  ^o]  =  ^  (*i  e,  +  *2  ^2). 
Voltamperee,  or  apparent  input : 

<2  =  /o  f  o. 

The  torque  is  by  this  equation  given  in  watts  at  synchronism, 
that  is  7'  =  power  which  would  be  developed  if  the  motor  would 
run  with  this  torque  at  synchronism.  This  makes  us  independent 
of  the  number  of  poles,  frequency,  speed,  etc.,  and  thus  allows 
the  direct  comparison  of  motors. 

The  output  P  includes  friction,  windage,  etc.,  thus  the  net 
mechanical  output  is  P  —  friction,  etc.  Since  however,  friction, 
etc.,  depend  upon  the  mechanical  construction  of  the  individual 
motor  and  its  use,  it  cannot  be  included  in  a  general  formula.  P 
is  thus  the  mechanical  output  and  T  the  torque  developed  at  the 
armature  conductors. 

The  efficiency  is,    — , 

p 

the  power  factor,  -=^, 

V 

/> 

the  apparent  efficiency,  --, 

T 
the  torque  efficiency,  -^, 

I  o 

T 

the  apparent  torque  efficiency,  -y, 

V 

The  meaning  of  these  quantities  is  the  following : 

The  "efficiency"  or  "power  efficiency"  is  the  ratio  of  the  true 
mechanical  output  of  the  motor  to  the  output  which  it  would  give 
at  the  same  power  input  if  there  were  no  internal  losses  in  the 
motor. 

The  "apparent  efficiency"  or  "apparent  power  efficiency"  is  the 
ratio  of  the  mechanical  output  of  the  motor  to  the  output  which 
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it  wonld  give  at  tbe  aarne  volt^ainpere  iiipnt  if  there  were  neither 
iatemal  loaees  nor  phase  displacement  in  the  motor. 

The  "torque  effieienej"  is  the  ratio  of  the  torque  of  the  motor 
to  the  torqne  which  it  would  give  at  the  same  power  input  if 
there  were  no  internal  losses  in  the  motor. 

The  "apparent  torque  efficiency"  is  tlie  ratio  of  the  torque  of 
the  motor  to  the  torque  which  it  wonld  give  at  the  same  volt- 
ampere  iupnt  if  there  were  neither  internal  losses  nor  phase  dis- 
placement in  the  motor. 
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Fio.  1. 
]_8-30-90i>-110,  Pcirm  "A."    60  Cjclea,  8  Poles,  110  Vojts.     Three  Phase. 
Carves  calculated  with:   T=  .04.^  +  .38*J:  Z,,  =  .045  —  .124  j;  2,  =  .041  - 
.124  j.     Friction:  51U  Watts  at  Synchronism,     Observed  by  Test:  X. 

The  torque  efficiencies  are  of  special  interest  in  starting  where 
the  power  efficiencies  are  necessarily  zero,  but  it  nevertheless  is 
of  importance  to  find  how  much  torque  per  watt  or  per  volt- 
ampere  input  18  given  by  the  motor.  These  terms  are  preferable 
to  the  terms  "torque  per  watt"  or  "torque  per  voltampere  " 
generally  used  in  this  case,  since  they  are  independent  uf  the 
number  of  poles,  frequency,  etc.,  of  the  individual  motor. 

Thus  from   the  quantities :    primary  admittance,  i>rinmry  ini- 
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pedance  and  secondary  impedance,  the  induction  motor  can  be 
calculated. 

The  predetermination  of  admittance  and  impedance  belongs  in 
the  field  of  induction  motor  design  and  therefore  falls  outside  of 
the  scope  of  this  paper. 

As  instance,  in  Figs.  1  and  2  are  calculated  the  load  and  speed 
curves  of  a  60-cycle  three-phase  eight-polar  motor,  110  volts  im- 
pressed, of  the  constants. 

Fo  =  .045  +  .384^. 

Zo  =  .045  —  .124^'. 

Zx  =  .041  —  .124^'  per  circuit  in  delta  connection. 

510  volts  are  allowed  as  friction  at  synchronism. 

The  output  and  torque  are  three  times  the  values  derived 
directly  from  calculation  since  the  motor  contains  three  circuits, 
and  the  current  shown  in  the  diagrams  is  the  current  per  line,  or 
Vd^X  the  current  derived  from  calculation. 

In  Fig.  1  are  shown  in  drawn  lines  the  speed,  efficiency,  and 
current  input  of  the  motor  with  the  h.  p.  output  as  abscissae,  in 
dotted  lines  the  apparent  efficiency,  and  in  dash  dotted  lines  the 
power  factor. 

In  Fig.  2  are  shown  with  the  speed  or  the  slips  in  per  cent,  of 
synchronism  as  abscissae,  the  torque  as  ordinates  for  the  three- 
phase  armature  resistances : 

ri  =  .041,  or  short-circuited  armature. 

ri  =  .33. 

/•i  =  .76. 

This  motor  is  the  7-8-30-900-110,  Form  A,  of  General  Electric 
Go's  make,  and  the  results  of  test  of  this  motor  are  marked  in 
Figs.  1  and  2  by  crosses,  showing  the  exceedingly  close  agreement 
between  the  calculated  values  and  the  results  of  test. 

Examining  the  equations  in  the  preceding,  we  see  that  the 
expression  of  the  current,  counter  k.  m.  f.,  etc.,  contains  the  im- 
pressed E.  M.  F.  f  o  ^  factor,  the  torque,  power  output  and  power 
and  volt-ampere  input  contain  Eo^  ^^  factor,  while  the  efficiency, 
power  factor,  apparent  efficiency  and  torque  efficiencies  are  in- 
dependent of  £o- 

That  is,  in  an  induction  motor,  the  efficiency,  power  factor, 
apparent  efficiency,  torque  efficiency,  apparent  torque  efficiency 
at  a  given  slip  or  speed,  and  thus  starting  torque  per  volt-ampere 
or  watt  input  are  independent  of  the  impressed  e.  m.  f. 

The  current  and  counter  k.  m.  k.'s  are  proportional  to  the  vkn.- 
pressed  e.  m.  f.'s. 
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The  torque,  power  and  volt-amperes  are  proportional  to  the 
square  of  fhe  impressed  e.  m.  f. 

This  obviously  applies  only  as  long  as  the  iron  is  below  satur- 
ation, which,  however,  is  always  the  case. 

Under  torque,  output,  etc.,  are  understood  the  values  at  the 
armature  conductors  disregarding  friction.  Since  the  friction  is 
the  same  at  different  impressed  s.  m.  f.'s,  and  the  total  output 
varies  with  the  square  of  the  impressed  e.  m.  f.,  the  difference,  or 
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.124^*.     Friction:  510  Watts  at  Synchronism.     Observed  by  Test:  X. 


the  net  mechanical  output  will  be  somewhat  more  than  propor- 
tional to  the  square  of  the  impressed  e.  m.  f.  On  the  other  hand, 
at  high  impressed  e.  m.  f.'s,  that  is  greater  output,  the  motor  gets 
hotter,  and  thus  its  electric  resistance  rises  and  thereby  reduces 
the  output  somewhat  when  running  continuously. 
Kating  the  induction  motor  at  a  given  percentage,  say  |  of 
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maximam  output  or  of  maximum  torque,  the  characteristic  fea- 
tures of  the  motor  are  seen  to  be  entirely  independent  of  the 
impressed  £.  h.  f.  and  merely  dependent  upon  the  admittance 
Tq  ^=  g  -\-  j  h  and  the  impedances  Z©  =  /•© — i^w  ^i  =  ^i  — j^i* 
A  change  of  one  of  the  impedances  has  comparatively  little 
effect  on  the  motor  characteristic,  provided  that  the  other  im- 
pedance is  changed  so  that  the  total  impedance  Z^  -{-  Zi  remains 
the  same.  Since  the  primary  and  the  secondary  impedance  are 
generally  fairly  equal,  except  when  intentionally  made  different, 
as  by  inserting  high  resistance  in  the  secondary  to  get  greater 
starting  torque  and  greater  drop  of  speed  under  load,  or  by  in- 
serting reactance  in  the  primary  to  reduce  the  starting  current 
and  the  starting  torque,  and  since  from  tests  of  the  motor  only 
the  sums  of  the  impedances  can  conveniently  be  derived,  but  not 
the  individual  impedances,  it  is  mostly  sufficient  to  assume  both 
impedances  as  equal. 

Z=Zo  =  Zi,      or:      Z=\{Z^  +  Z,). 

Hereby  the  induction  motor  is  reduced  to  two  complex  imagin* 
ary  constants  Y  and  Z,  or  four  real  constants  ^,  i,  r,  x^  the  same 
terms  which  characterize  the  stationary  alternating  current  trans- 
former  on  non-inductive  load. 

Instead  of  conductance  g^  susceptance  i,  resistance  r,  and  re- 
actance a*,  may  be  chosen  as  characteristic  constants 

the  absolute  admittance  y  =  Vg^  +  J*, 

the  absolute  impedances  =  Vr^  +  a?*, 

the  power  factor  of  admittance  ^  =  ?, 

y 

and  the  power  factor  of  impedance  t'  =  -. 

z 

If  the  admittance  y  is  reduced  /i-fold  and  the  impedance  z  in- 
creased /^-fold,  with  the  e.  m.  f.  Vn  Eo  impressed  upon  the  motor^ 
the  speed,  torque,  power  input,  and  output,  volt-ampere  input 
and  excitation,  power  factor,  efficiencies,  etc.,  of  the  motor,  that 
is,  all  its  characteristic  features  remain  the  same,  as  seen  from 
above  given  equations,  and  since  a  change  of  impressed  e.  m.  f. 
does  not  change  the  characteristics,  as  seen  above,  it  follows  that 
a  change  of  admittance  and  of  impedance  does  not  change  the 
characteristics  of  the  motor,  provided  the  product  i?  =  8  y  X  « 
remains  the  same. 
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ThDB  the  indnction  motor  is  cliaracterized  by  three  constants 
only: 

The  pi-odact  of  admittance  and  impedance  d  =  'iyz, 
which  may  be  called  the  characteristic  constant  of  tlie  motor. 

The  power  factor  of  primai^  admittance  ,3  ^  ?-. 

y 

The  power  factor  of  impedance  r  =  — 
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Pio.  S.— Induction  Motor.    Loftd  Onrrcs.    Z  =  ,1  —  .3j".     X  =  .01  +  .1  j. 


All  these  three  quantities  are  absolute  numbers. 

The  physical  meaning  of  the  latter  two,  the  power  factors,  is 
obvious. 

The  physical  meaning  of  the  characteristic  constant  or  the 
product  of  admittance  and  impedance  is  the  following : 


IWT-l  8TB1SMISTZ  OS  INDVOTIOS  MOTOBS. 

If  -^  =  exciting  current. 

Iio  =  current  taken  by  the  motor  at  stand  still, 
it  is  approximately  _  /ao 

^    e: 


Fio.  4.— Induction  Motor.    liOad  CurTes.     Z  =  .2  —  J&j.     F  =  .01  +  .\f. 


Tlie  cliaracteriBtic  constant  of  the  induction  motor  9  =  2yaa 
the  ratio  of  exciting  current  to  short-circnited  current. 
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At  given  impressed  b.  h.  f  ,  the  exciting  current  /o©  is  inversely 
proportional  to  the  matnal  inductance  of  primary  and  secondary 
circuit.  The  short-circuited  current  /i©  is  inversely  proportional 
to  the  sum  of  the  self -inductance  of  primary  and  secondary  circuit. 
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Pio.  5. — Induction  Motor.     Load  Curves.     Z  =  .3  —  .3  j.     F=:  .04  +  -4  j. 

Thus  the  characteristic  constant  ^  =  2  t/z  is  approximately  the 
ratio  of  total  self-inductance  to  mutual  inductance  of  the^motor 
circuits,  that  is,  the  ratio  of  the  flux  interlinked  with  one  circuit. 
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primary  or  secondary  only,  to  the  flux  interlinked  with  both 
circuits,  primary  and  secondary.  The  eflfect  of  this  quantity  will 
be  shown  in  the  following  in  the  discussion  of  individual  motors. 

To  exhibit  the  eflfect  of  the  variation  of  constants  on  the  be- 
havior of  the  induction  motor,  a  number  of  characteristic  motors 
have  been  calculated  in  the  above  d;escribed  manner,  and  the  load 
curves  of  some  of  them  are  shown  in  Figs.  3  to  7,  while  an 
abstract  of  their  constants  is  given  on  Table  I. 

These  motors  are  calculated  with  the  constants : 

Ist.—  F=.01  +  .iy, 

Z  =  .1    —  .3y,     or 

*  =    6.36, 

^  =  10.0, 

r  =  31.6.      Fig.  3. 

2nd. —  High  resistance  motor. 

r  =  .01  +  Aj, 

Z  =  .2    —  .3y,    or 

»  =    7.26, 

)9  =  10.0, 

r  =  55.4.      Fig.  4. 

3rd. —  High  resistance  and  high  admittance  motor. 

r  =  .04  +  Aj, 
Z  =  .3    —  .3^*,     or 
»  =  34.20, 
/9  =  10.0, 
;-   =  70.7.      Fig.  5. 

4th. —  High  reactance  motor. 

F  =  .04  +  Aj, 

Z  =  .05  —  .3^,     or 

»  =  24.44, 

/9  =  10.0, 

r   =  16.4.      Fig.  6. 

5th. —  High  susceptance  motor. 

Y  =  .02  +  4^, 

Z  =  .1    —  .3^\     or 

»  =  25.35, 

/3  =    5.0, 

r  =31.6.      Fig.  7. 

Number  1,  with  load  curves  shown  in  Fig.  3,  refers  to  the 
best  motor  which  can  be  built  at  frequencies  of  40  to  60  c^^sXfc^. 
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Ab  aeen,  the  efficiency  rises  very  rapidly  &i  tight  loads,  reaches  a 
maximum  of  91^,aiid  theu  slowly  drops  to  88^  at  full  load.  The 
power  factor  rises  somewhat  alower,  but  ia  already  1i%  at  quarter 
load.  The  apparent  efficiency  is  very  high  also,  above  80^,  and 
rises  at  light  loads  quite  rapidly.  The  exciting  carreiit  is  very 
small.  Tlie  drop  of  speed,  6^,  at  full  load,  could  be  made  lees 
by  leeeening  the  armature  resistance.     In  very  large  motors  as 
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Pio.  6.— Induction  Mritor.     Load  Curvw.    Z  =  .OS  —  .3j.     7=  .04+  Aj. 

close  a  speed  regulation  as  1  to  \\%  has  been  reached.    Thus  this 
motor  is  equally  as  satisfactory  at  light  loads  as  at  heavy  loads. 

Number  2  in  Fig.  4  shows  the  typical  high  retistance  motor. 
It  is  characterized  by  poor  speed  regulation,  a  drop  of  11%  at  full 
load,  an  efficiency  curve  readiing  very  high  values  at  light  load, 
but  falling  ofi  with  load,  while  the  power  factor  rises  slowly,  bnt- 
reaches  very  high  values  at  heavy  loads.  The  apparent  efficiency 
is  qnite  fair  and  the  exciting  current  the  same  as  in  the  ftmt 
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motor,  thug  dae  to  the  decreased  output  of  this  motor  a  some- 
what higher  percentage  of  full  load  current,  when  rating  the 
motor  at  |  maximum  torque. 

If  besides  high  resistance  the  motor  has  high  admittance  also, 
as  number  3  in  Fig.  5,  the  high  efSciency  maximum  at  light  loads 
is  cut  oflf  and  the  efficiency  curve  flattened  and  lowered.  The 
power  factor  rises  very  slowly  at  light  loads,  reaching  a  lower 
maximum.  Characteristic,  however,  remains  the  large  drop  in 
speed,  while  the  exciting  current  has  increased  very  greatly  also. 

If  the  high  resistance  is  in  the  field  or  primary  only,  but  the , 
armature  or  secondary  of  low  resistance,  even  the  characteristic 
feature  of  poor  speed  regulation  is  less  marked,  and  the  high  re- 
sistance recognized  only  by  comparing   efficiency,  power  factor, 
and  speed  curve. 

The  reverse,  a  high  reactance  motor^  is  motor  number  4,  shown 
in  Fig.  6.  Characteristic  of  this  motor  is  the  constancy  of  speed, 
3.3^  drop  at  full  load,  and  especially  the  efficiency  curve,  which 
rises  slowly,  but  reaches  a  fairly  high  maximum  at  or  rather  above 
full  load.  Power  factor  and  apparent  efficiency  are  low,  with 
maxima  beyond  full  load,  and  rise  very  slowly,  that  is,  are  poor 
at  light  loads.  As  seen,  such  a  motor  is  in  general  unsatisfactory 
and  may  be  less  objectionable  only  in  special  cases,  where  it  is 
running  constantly  at  or  near  full  load,  or  where  very  close  speed 
regulation  is  required  and  wattless  currents  less  objected  to. 

Number  5,  in  Fig.  7,  shows  a  high  susceptance  motor.  This 
motor  is  characterized  by  good  efficiency  at  light  loads  as  well  as 
heavy  loads,  but  power  factor  and  apparent  efficiency  are  very 
low  at  light  loads  and  rise  very  slowly  and  reach  their  maximum 
only  at  or  above  full  loads. 

Comparing  the  different  motors  with  each  other,  we  see  that 
a  good  motor  is  characterized  by  high  values  of  power  factor, 
efficiency  and  apparent  efficiency  at  light  loads  as  well  as  heavy 
loads,  by  fairly  close  speed  regulation  and  low  exciting  current. 

High  resistance  is  characterized  by  poor  speed  regulation  and 
lowering  of  the  efficiency  at  heavy  loads,  high  reactance  by  very 
good  speed  regulation,  good  efficiency  at  heavy  loads,  and  low 
power  factor  and  apparent  efficiency  at  light  loads,  high  admit- 
tance by  high  exciting  current  and  poor  power  factor  and  appar- 
ent efficiency  at  light  loads. 

An  abstract  of  the  data  of  these  motors  and  a  number  of  other 
motors  is  given  in  Table  I. 
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§  2.  Speed  Curves. — The  load  carves  discusaed  in  the  preceding 
are  especially  characteristic  of  the  action  of  the  motor  when  do- 
ing work  at  its  proper  speed  near  Bynchronistn.  The  action  in 
starting,  or  in  running  at  intermediate  speeds,  or  beyond  eyn- 
clironism,  or  when  driven  backwards,  are  best  shown  by  what  I 
may  call  the  speed  curves  of  the  motor.    A  set  of  such  cnrres, 


Fig,  7.— Induction  Motor.    IjmA  Curvw.    Z  =  .1  —  .8j.     J"  =  .02  +  4  j", 

corresponding  to  the  motor  number  1  in  Fig.  3,  are  shown  in 
Fig.  8,  of  the  constants 

r  =  .01  +  .IJ,        Z=  A  —  3J. 
These  curves  give  with  the  speed,  that  is.  the  slip,  as  abaciaeae, 
tlie  torque  in  watts  at  synchronism  and  the  current  input  of  the 
motor.     As  seen,  the  torque  is  zero  at  synchronism,  increases  with 
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increaaing  slip,  that  ie,  decreasing  speed,  reaches  a  maximum  of 
8,250  synchronons  watts  at  16.5^  slip,  and  then  decreases  again, 
reaching  3,920  synchronous  watts  at  8  =  1,  that  ie,  standstill,  and 
keeps  on  decreasing  for  «  >  1,  that  is,  backward  rotation,  without 
change  of  direction,  thus  representing  coneumption  of  energy  by 
the  motor.  For  «  <  0,  that  is,  abore  synchronism,  tlie  tortfue 
curve  is  the  counterpart  of  the  torque  carve  for  s  >  0,  but 
ie  negative,  representing  consumption  of  mechanical  energy 
and  thus  production  of  electrical  energy.  It  again  reaches  a 
maximum  at  «  =  —  16.5^,  of  11,400  synchronous  watts,  and 
then  decreases.    The  negative  or  generator  part  of  the  torcpie 
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Fw.  8.— Induction  Motor.    Speed  CurvM.    Z  =  A  —  'ij.     r=  .01  +  .1^. 

curve  is  higher  than  the  positive  or  motor  part,  that  is,  driven  us 
generator  above  synchronism  the  machine  consumes  more  median- 
ical  torque  than  it  produces  running  as  motor  below  synclironiHin. 

ThoB  the  induction  motor  shares  with  the  continuous  current 
shant  motor  the  feature  to  be  a  motor  only  below  a  definite  speed, 
but  to  become  generator  or  act  as  brake,-by  returning  energy 
into  the  line,  when  driven  above  its  speed. 

The  load  curve  of  the  motor  corresponds  to  the  part  of  the 
speed  curve  between  synchronism  and  maximum  torque  at  positive 
slip.    From  the  part  of  the  speed  curve  between  synchronism 
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and  maximam  torque  at  negative  slip,  or  above  Byncbroaism,  a 
corresponding  load  curve  can  be  confltmcted  of  the  machine  as 
induction  generator.  This  curve  is  shown  in  Fig.  9.  Aa  seen,  it 
is  very  similar  to  the  motor  load  curve,  except  that  the  speed 
carve  bends  upwards. 

Ab  generator  the  induction  machine  differs  from  the  syncliron- 
OTIS  alternating  current  generator,  or  generator  with  constantly 
excited  field,  in-eo-far  ae  the  latter  can  yield  current  and  output 
at  any  power  factor,  that  is,  any  phase  displacement  correspond- 
ing to  the  load,  while  in  the  induction  generator  at  given  terminal 
voltage  to  every  value  of  current  output  a  certain  power  factor 
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).  9. — Induction  Qsnentor.     Loftd  Curves, 


-Jaj.     T=  .01  +  .1>. 


of  load  corresponds.  That  b,  to  derive  a  certain  value  of  current 
from  the  induction  generator,  the  total  load  put  on  it  must  have 
the  particular  power  factor  corresponding  to  this  current,  and 
besides  leading  current,  or  if  the  power  factor  of  the  load  changes, 
current  and  voltage  of  the  induction  generator  will  change  accord- 
ingly. In  consequence  thereof,  in  general  the  induction  generator 
is  stable  only,  if  at  least  a  part  of  the  load  consists  of  synchronous 
motors. 

The  current  in  the  induction  machine  is  a  minimum  at  syn- 
chronism and  decreases  on  either  side  of  synchronism,  first  very 
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rapidly  and  then  slower,  and  becomes  fairly  constant  afterwards, 
as  seen  in  Fig.  8.  In  the  particular  motor  under  discussion,  the 
whole  variation  of  current  is  practically  comprised  within  the 
range  from  «  =  +  •*  to  *  =  —  .3,  that  is,  the  current  at  stand- 
still is  very  large  and  remains  practically  constant  until  about  | 
of  synchronous  speed  is  reached.  Thus  such  a  motor  with  low 
armature  resistance  will  require  a  very  large  current,  not  only  in 
starting,  but  also  at  intermediate  speeds 

Restricting  our  attention  to  that  part  of  the  torque  curve  below 
synchronism,  we  see  that  the  torque  curve  consists  of  two 
branches,  the  upper  branch  from  maximum  torque  to  synchron- 
ism, and  the  lower  branch  from  maximum  torque  to  standstill. 
The  same  torque  is  reached  on  either  branch ;  for  instance,  the 
torque  of  4,800  synchronous  watts  at  «  =  .05,  and  at  «  =  .6. 
The  currents  corresponding  to  the  two  values  of  speed  at  the 
same  torque  are  very  different,  however,  62.6  amperes  on  the 
upper,  171  amperes  on  the  lower  branch.  On  the  upper  branch 
the  motor  is  stable,  that  is,  with  constant  load  runs  at  constant 
speed.  On  the  lower  branch,  however,  the  motor  is  unstable  and 
cannot  maintain  its  speed,  but  must  either  slow  down  and  come 
to  standstill,  or  accelerate  and  reach  the  upper  or  stable  branch,  if 
loaded  by  constant  torque. 

In  the  same  way  above  synchronism  the  machine  as  brake  is 
stable  between  synchronism  and  maximum  torque,  and  unstable 
beyond  maximum  torque. 

As  seen  from  the  preceding,  the  motor  number  1,  while  very 
satisfactory  at  speed,  requires  excessive  current  and  gives  little 
torque  at  low  speed  and  in  starting,  and  is  thus  unsatisfactory 
therein. 

In  the  discussion  of  load  curves  in  the  preceding,  we  have  seen 
that  high  resistance  motors  have  a  large  drop  of  speed  and  thus 
reach  a  maximum  torque  point  at  lower  speeds,  that  is,  are  \\\ 
starting  nearer  to  the  maximum  torque  point,  or  in  other  words, 
have  a  greater  starting  torque. 

From  the  equations  of  the  induction  motor  it  is  obvious  that 
this  greater  torque  at  low  speeds  is  not  due  to  the  primary  re- 
sistance, but  exclusively  to  the  secondary  or  armature  resistance. 

The  annature  resistance  r^  enters  only  in  the  equation  of 
secondary  current: 
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and  in  the  further  equations  only  indirectly  in  so  far  as  r^  is  con- 
tained in  ai  and  a^. 

Increasing  the  armature  resistance  ;i-fold,  to  n  Vi  we  get  at  an 
n-f old  increased  slip  ns: 

Y  __  nse  _         s  e 

n  Vx  — j  naxi        r^  — js  Xi 
that  is  the  same  value,  and  thus  the  same  values  for  e,  /©,  Tj  P^j  ?>, 
while  the  power  is  decreased  from  P=  (1  — «)  r  to  P  =  (1  —  ns)  Tj 
and  the  efficiency  and  apparent  efficiency  are  correspondingly  re- 
duced.   The  power  factor  is  not  changed.     Hence: 

An  increase  of  armature  resistance  Vi  produces  a  proportional 
increase  of  slip  n,  and  thereby  corresponding  decrease  of  power, 
efficiency  and  apparent  efficiency,  but  does  not  change  the  torque, 
current  and  power  factor. 

Thus  the  insertion  of  resistance  in  the  armature  or  secondary 
of  the  induction  motor  offers  a  means  to  reduce  the  speed  cor- 
responding to  a  given  torque,  and  thereby  any  desired  torque  can 
be  produced  at  any  speed  below  that  corresponding  to  armature 
short  circuit,  without  changing  torque  or  current. 

Hence,  given  the  speed-torque  curve  of  a  short-circuited  motor, 
the  torque  curve  with  resistance  inserted  in  the  armature  can  be 
derived  therefrom  directly  by  increasing  the  slip  in  proportion 
to  the  increased  resistance. 

This  is  done  in  Fig.  10,  in  which  are  shown  the  speed  curves 
of  the  motor  number  1  between  standstill  and  synchronism,  for : 

Shortcircuited  armature :  r^  =  .1 . 

.16  ohms  resistance  inserted  in  armature:  r^  =  .25. 

.5  ohms  additional  resistance  inserted  in  the  armature :  Vi  =  .6. 

1.5  ohms  additional  resistance  inserted  in  the  armature: 
^1  =  1.6. 

The  corresponding  current  curves  are  shown  on  the  same  sheet. 

As  seen,  with  short-circuited  armature  the  maximum  torque  of 
8,250  synchronous  watts  is  reached  at  16.5^  slip.  The  starting 
torque  is  2,950  synchronous  watts,  and  the  starting  current  176 
amperes. 

With  armature  resistance  Vi  =  .25,  the  same  maximum  torque 
is  reached  at  4tO%  slip,  the  starting  torque  is  increased  to  6,050 
synchronous  watts,  and  the  starting  current  decreased  to  160 
amperes. 

With  armature  resistance  rj  =  .6,  the  maximum  torque  of 
8,250  synchronous  watts  takes  place  in  starting,  and  the  starting 
current  is  decreased  to  124  amperes. 
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Fio.  10.— Induction  Motor.    Spowl  Curves.    Torque  and  Current.     7  =  .01 
+  .lj.    Z=.I— .8j.    Arm.  BeMrtance:  f,=  .1,  .».  A,  l-«- 
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With  armature  resistance  Ti  =  1.6,  the  starting  torque  is  below 
the  maximum,  5,62()  synchronous  watts,  and  the  starting  current 
is  only  64  amperes.  ^ 

In  the  two  latter  cases  the  lower  branch  of  the  torque  curve 
lias  altogether  disappeared  and  the  motor  speed  is  stable  over  the 
whole  range,  that  is,  the  motor  starts  with  the  maximum  torque 
which  it  can  reach,  and  with  increasing  speed  torque  and  current 
decrease,  that  is,  the  motor  has  the  characteristic  of  the  continous 
current  series  motor,  except  that  it  cannot  race,  but  its  maximum 
speed  is  limited  by  synchronism. 

On  the  same  diagram.  Fig.  1 0,  are  shown  the  currents  cor- 
responding  to  the  different  values  of  secondary  resistance. 

The  apparent  torque  efficiencies  of  the  motor  under  the  four 
conditions  of  armature  resistance  are  given  in  Fig.  11.  They 
show  that,  although  a  considerable  starting  torque  can  be  reached 
by  a  moderate  armature  resistance,  of  rj  =  .26,  the  apparent 
torque  efficiency  or  torque  per  ampere  input  is  still  very  low 
under  this  condition,  that  is,  the  motor  starts  very  inefficiently, 
and,  as  seen  in  the  preceding  discussion  of  high  resistance  motors, 
is  rather  inefficient  at  speed.  The  same  diagram  also  shows  the 
torque  efficiencies.  It  follows  herefrom  that  permanent  resist- 
ance in  the  armature  of  an  induction  motor  can  be  used  to  secure 
good  starting  torque  at  the  sacrifice  of  current  in  starting,  and  of 
efficiency  and  speed  regulation  when  running,  but  cannot  be  used 
to  limit  the  starting  current,  the  latter  requiring  so  large  an 
armature  resistance  as  to  make  the  motor  entirely  unfit  when 
running. 

This  brings  us  to  the  investigation  of  the  action  of  the  induc- 
tion motor  in  starting. 

The  condition  in  starting  is  «  =  1. 

Substituting  «  =  1  in  the  induction  motor  equations  gives 
starting  torque,  current,  power  factor,  etc. 


r,'  +  ^1*        ^       r,'  X,' 

loo  =  e{g+jV). 

/,  =  l+I^=:e  [K  +  g)  +j  {a,  +  J)]  =  e  (J,  +jh) 

*i  =  «i  +  ^        ft,  =  Oj  +  J. 
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Pte.  11, — Induction  Motor.  Speed  Currea.  Apparent  Torque  Efficiency  and 
Torque  EfBcienov.  7  =  .01  f-  .1  j.  Z  =  .1  —  .'ij.  Armature  ReBistance. 
r,=  l.«,  .«.  .85.  .1. 
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^o  =  ^  +  /o  ^o  =  ^  [I  +  {h  +jh)  {ro-j  ^o)]  =  e  {c,  +J0,) 


♦^c,"  +  c,* 


C  =  /.£o- 

Power  factor  -^. 

V 

Torque  efficiency  ^ . 

T 

Apparent  torque  efficiency  — . 

From  these  equations  are  calculated  for  the  motor  number  1  of 

r=  .01  +  .1/, 

Z  =  .l    -.Sj, 

the  starting  torque,  current,  and  torque  efficiencies  at  various 
resistances  and  reactances  in  the  secondary  and  in  the  primary, 
and  plotted  in  the  diagrams.  Figs.  12  and  13. 

In  Fig.  12  is  given,  with  additional  armature  resistance  r  as 
abscissae,  the  values  of  starting  torque,  starting  current,  power 
factor,  torque  efficiency  and  apparent  torque  efficiency. 

In  Fig.  13  are  given  the  corresponding  values,  with  reactance 
inserted  in  the  secondary. 

The  insertion  of  resistance  or  reactance  in  the  primary  has 
only  the  effect  of  decreasing  the  voltage  at  the  motor  terminals 
and  thereby  decreasing  the  torque  in  proportion  to  the  square  of 
the  voltage  at  the  motor  terminals,  and  the  apparent  torque  effici- 
ency directly  proportional  to  the  voltage  at  the  motor  terminals; 
that  is,  is  a  very  inefficient  and  unsatisfactory  means  of  starting, 
and  suitable  by  its  simplicity  only  where  no  starting  torque  is 
required,  to  limit  the  starting  current.  By  the  use  of  additional 
resistance  in  the  armature  or  secondary  in  starting,  torque  can  be 
produced,  as  seen,  with  the  same  current,  power  factor  and 
torque  efficiencies  as  correspond  to  the  same  torque  when  running. 

In  Fig.  13,  representing  the  effect  of  reactance  in  the  secondary 
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circuit,  the  torque,  current,  etr.,  are  shown  for  positive  vahien  or 
reactive  coile,  as  well  as  negative  values  or  condenserB. 

As  seen,  by  tlie  insertion  of  reactive  coils  in  tJie  secondary  of 
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the  induction  motor,  tlie  torque  decreases  rapidly,  and  the  effect 
of  secondary  inductive  reactance  xv,  practically  identical  with  that 
of  the  iasertioD  of  reactance  in  the  primary  circuit,  tliat  is,  tlie 
nee  of  inductive  reactance  in  the  armature,  or  the  secondary  is  of 
no  practical  valne. 
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By  the  insertion  of  negative  reactance  or  capacity,  however, 
tonjue  and  current  of  the  motor  rise  enormously,  reactiing  a 
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maximum  of  3^,200  synchronous  watts  and  530  amperes  at  —  .58 
ohms  additional  capacity  reactance,  that  is,  3.60  times  the  maximum 
torque  available  with  armature  resistance,  at  4.22  times  the  cur- 
rent corresponding  thereto.  At  this  point  the  power  factor  is 
lOO^,  that  is,  tlie  current  in  phase  with  the  impressed  e.  m.  f. 
On  one  side  of  this  point  the  current  leads,  on  the  other  it  lags. 
Torque  eflBciency,  however,  and  apparent  torque  efficiency  with 
the  use  of  capacity  in  the  secondary  are  very  low,  the  torque 
efficiency  in  the  whole  range  being  about  50j?,  while  by  the  use 
of  resistance  in  the  armature  a  torque  efficiency  considerably 
above  90%  is  reached.  That  means,  capacity  in  the  secondary, 
outside  of  the  general  inconvenience  of  the  condenser,  is  far  in- 
ferior in  starting,  to  the  use  of  non-inductive  resistance,  except 
in-so-far  as  the  maximum  available  torque  is  far  larger.  But  the 
current  corresponding  to  this  torque  is  far  beyond  the  carrying 
capacity  of  the  motor,  and  where  such  an  excessive  torque  should 
he  required,  it  could  much  more  efficiently,  that  is,  with  a  rela- 
tively lesser  expenditure  of  current,  be  secured  by  varying  the 
voltage  impressed  upon  the  motor  by  means  of  a  potential  re- 
gulator or  transformer  of  variable  ratio  of  transformation.  By 
such  a  potential  regulator  the  starting  torque  of  the  motor  can 
be  changed  in  any  desired  manner  without  a  change  of  torque 
efficiency,  etc.,  that  is,  the  current  input  at  primary  side  of  the 
potential  regulator  will  vary  proportional  to  the  torque  developed 
by  the  motor. 

§  3.  Begulation  mid  Stdbility. — In  the  preceding,  the  load 
curves  and  speed  curves  of  the  polyphase  induction  motor,  that 
is,  the  dependence  of  the  electrical  and  mechanical  features  u])on 
the  output  and  the  speed,  have  been  discussed  under  tlieassunip- 
tion  of  constant  voltage  at  the  motor  terminals. 

In  practice,  however,  this  condition  is  usually  only  approxim- 
ately fulfilled.  In  general,  the  voltage  in  any  alternating  current 
system  is  maintained  constant,  or  approximately  so,  at  the  centre 
of  distribution  or  at  the  primary  terminals  of  the  tranrjfornaM-s. 
Thus,  between  the  motor  terminals  and  the  point  of  constant 
voltage  of  the  system,  a  certain  impedance  exists  in  the  circuit. 

If  now,  as  it  is  reasonable  to  expect,  the  distribution  voltage, 
ratio  of  transformation,  etc.,  are  chosen  so  as  to  bring  the  rated 
voltage  at  full  load  at  the  motor  terminals,  at  light  load  the 
voltage  at  the  motor  will  be  high,  and  thus  the  exciting  current 
greater  than  at  the  rated  voltage.     Inversely  at  overload  the  volt- 
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age  at  tlic  motor  terminals  vnll  drop  below  the  rated  voltage,  and 
thus  the  maximum  torque  and  tlie  maximum  output  of  the  motor 
be  decreased  in  proportion  to  tlie  square  of  the  reduced  voltage, 
tJiat  is,  the  more,  the  greater  the  impedance  of  lines,  transform- 
ers, etc..  is. 

Thus,  when  operated  under  tliese  conditions  of  practice,  the 
induction  motor  does  not  give  the  same  margin  of  overload  as 
when  operated  at  constant  impressed  voltage. 
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Fio  14.— Induction  Mulor.  Load  Cuires.  r=.Ol+.lj.  Z=.l  —  .9j. 
Ujierated  from  transtoniiera  ot  impedance,  Z  =  M  —  .08^,  u.  coustant  primary 
potential  ot  114.1  volts,  corresponding  to  110  volts  at  motor  tcnninsls  at  5000 

This  at  once  shows  the  desirability  of  designing  the  indnction 
motor  with  sufficiently  large  margin  of  overload,  and  the  neces- 
sity of  choosing  the  supply  circuit,  and  especially  the  tratisform- 
erf,  of  as  low  impedance  as  possible. 
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As  an  instance  are  shown,  in  Fiorg.  l-t  and  15,  the  load  curves 
of  the  motor  discussed  in  the  preceding,  of  the  constants : 

z  =  .1-.8.;, 

rated  at  5,000  watts  per  circuit  full  load,  corresponding  to  59 
amperes  at  110  volta  impressed,  when  operated  : 

1)  At  constant  impressed  voltage  of  110  volts.     (Fig.  3.) 

2)  Operated  from  transformers  of  2%  resistance  drop  and  4f/ 
internal  reactance,  that  is,  transformers  representing  about  the 
best  make  on  the  market,  of  very  close  regulation.     (Fig.  14.) 

3)  Operated  from  transformers  of  2%  resistance  drop  and  ir>';^ 
internal  reactance,  or  about  the  average  type  of  cheaj)  transform- 
ers, at  constant  primary  voltage  corresponding  to  110  volts  at 
full  load  at  the  motor  terminals.     (Fig.  15.) 

In  these  cases,  the  impedance  interposed  between  motor  and 
point  of  constant  voltage  is : 

Z  =  .04  —  .^^./j  with  best  regulating  transformers. 

Z  =  .04  —  .3 /,  with  transformers  of  poor  regulation. 

In  Figs.  14  and  15,  the  load  curves  of  the  motor,  the  limits  of 
speed  and  torque  curve  at  constant  voltage  of  110  are  plotted 
also,  showing  that  the  maximum  output  is  reduced  under  these 
conditions  from  7,000  watts  per  circuit  t^  ^>,450  and  5,780  watts, 
respectively,  and  the  maxinmm  torque  from  8,250  synchronous 
watts  to  7,500  and  6,460,  respectively. 

That  is,  even  with  the  best  make  of  transformers  inserted  in 
the  circuit,  at  constant  voltage  at  their  primaries  and  rated  voltage 
at  the  motor  terminals  at  full  load,  the  margin  of  overload  power 
is  reduced  from  40^  to  29^,  or  by  11<?  in  the  instance  chosen 
here,  and  the  margin  of  overload  torque  from  55.5^  to  41.iyr,  or 
by  14^/,  while  an  inferior  type  of  transformers,  of  poor  reirula- 
tion,  reduces  the  margin  of  power  to  15.6^  and  the  margin  of 
torque  to  22^,  that  is  more  than  twice  as  much  as  transformers 
of  close  regulation.  In  consequence  thereof,  with  transformers 
of  poor  regulation  the  motor  is  at  full  load  already  dangerously 
near  the  maximum  out])ut  point,  although  at  constant  impressed 
voltage  it  has  ample  margin  to  carry  any  reasona]>le  overload. 

Still  greater  is  the  decrease  of  voltage,  and  thus  of  tonpie,  in 
starting,  especially  with  low  resistance  armature,  due  to  the  large 
currents  consumed  under  these  circumstances.  With  an  armature 
containing  a  variable  resistance  of  sufficient  size,  limiting  the 
starting  current,  the  starting  tonjue  is  less  atfected  by  the  trans- 
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former.  Thus,  witli  short-circuited  armature,  in  the  motor 
chosen  as  inetance,  the  starting  torque  and  starting  voltage  drop 
from  2,950  synchronous  watte  at  UO  volte  to  2,420  synchronous 
watte  at  99.5  volte  with  good  transformers,  and  only  1,685  syn- 
chronous watte  at  82  volte  with  poor  traneformers,  while  the 
starting  current  b  correspondingly  decreased  from  176  amperes 
to  139  and  131  amperes,  respectively,  but  the  exciting  current,  or 
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Fio.  15.— Iiuliittion  Motor.  Load  Curves,  r=  .01  -f-  .1>.  Z=  .1  —  .%j. 
Operated  Troin  traiislormera  of  iiiipeilwiee,  Z  =  .04  —  .8^,  8t  coii.'tAnt  primary 
potential  ni  121  volts  torresponiling  \f>  110  volte  at  motor  torminals  at  6000 


current,  when  running  light,  increased  from  10.7  to  11  and  11.45 
am  |)ereB,  respectively,  due  to  the  increase  of  voltage  at  light  load. 
In  consequence  thereof,  the  characteristic  constant,  wliieh  is 
appro -xiniately  equal  to  starting  current  divided  by  current  at 
standstill,  ie  increased  from  f>.l^  at  constant  impressed  voltage 
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to  6.9^  with  good,  and  8.75^  with  poor  transformer,  with  tlie 
result  that  the  motor  becomes  inferior  in  every  respect  in  cor- 
respondence with  the  increase  of  the  characteristic  constant  ??,  as 
discussed  in  the  preceding.  For  instance,  the  exciting  current 
rises  from  17.4^  to  20  and  24. 7j?  of  the  current  at  f  maximum 
torque. 

If  in  the  installation  of  the  motor  the  mistake  is  made  not  to 
allow  for  the  drop  of  voltage  taking  place  even  in  the  best  trans- 
formers on  inductive  load,  but  the  ratio  of  transformation  is 
chosen  so  as  to  give  the  rated  motor  voltage  at  the  secondary 

terminals  of  the  transformers  at  open  circuit,  output  and  torque 
of  the  motor  are  still  further  reduced,  and  even  with  the  best 
transformers  the  margin  of  overload  is  only  19.4^  in  power  and 
31^  in  torque,  while  with  transformers  of  poor  regulation  no 
margin  of  torque  is  left,  and  the  motor  cannot  carry  full  load 
any  more.  That  is,  at  constant  primary  voltage  corresponding 
to  the  rated  motor  voltage  at  open  circuit  at  the  secondary  ter- 
minals, the  motor  can  be  operated  successfully  only  with  the  best 
type  of  transfonuers.  This  fundamental  importance  of  trans- 
former and  line  impedance  on  the  operation  of  the  induction 
motor  has  frequently  been  overlooked.  It  is,  however,  analogous 
to  the  dropping  of  torque  and  output  of  a  continuous  current 
motor,  if  the  impressed  voltage  drops. 

The  curves  are  calculated  thus : 

Let  at  slip  8  the  current  in  the  motor  =  i  at  the  impressed 
.  M.  F.  ^,  and  the  angle  of  lag  =  p.  It  is  then  the  apparent^im- 
pedance  of  the  motor,  in  absolute  value : 

e 

*•" 

or  in  compress  expression  : 

Zm  =  -  (cos  (f  —j  sin  (f). 
t 

If 

Z  -=  r  —  /  X 

equals  the  impedance  of  the  transformer,  etc.,  the  total  im- 
pedance of  the  system  of  motor,  transformer,  etc.,  is : 


^m    —   ~j 


or,  absolute : 


Z^  =  (r  +  t  cos  ip)  —J  (a?  +  -^  sin  <p), 


2^  =  V  (/•  +  1  cos  <pf  -f  (a?  -[-  -f  si"  <py' 
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At  full  load,  it  is : 
hence : 


e  =  e^,         i  =  ?oS 


z' 


=  Z,^  =  V{r  +  ^^  cos  ^,y  -]-{x  +  %  sin  ip,)\ 
and : 

=  io'  V(r  +  %  cos  9>o)'  +  {^  +  %  sin  <p)\ 


^^  =  io    ^o 


Iq  ^O 


the  constant  primary  impressed  voltage  of  the  system ;  thus,  if 
at  slip  8  and  voltage  ^o  the  current  i  =  /o?  ^'^^  motor  imped- 
ance is : 


^o 


and  the  voltage  at  the  motor  terminals : 


z 


1 


and  the  motor  current  has  to  be  changed  in  the  proportion  : 


e 

—  J 


the  motor  output  and  torque  in  the  proportion : 


i^y- 
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Discussion. 

The  Pkhsident: — We  are  greatly  indebted  to  Mr.  Steinmetz 
for  giving  us  these  very  definite  and  complete  figures.  The  in- 
duction motor  is  a  new  piece  of  electric  mechanism,  and  data^ 
j)articularly  such  data  as  this,  concerning  it,  are  very  valuable.  I  le 
not  only  considers  the  ordinary  type  of  motor,  but  also,  the  effect 
on  the  efficiency,  torque,  speed,  etc.,  when  the  various  factors 
such  as  resistance,  impedance,  etc.,  are  exaggerated.  The  paper 
is  open  for  discussion. 

Prof.  Elihu  Thomson  : — Mr.  Steinmetz  has  given  a  vast 
amount  of  study  to  the  problem  of  induction  motors.  I  can  say 
that  he  has  done  a  good  thing  in  giving  the  results  of  the  work 
to  the  world,  so  that  it  may  serve  as  a  guide  to  others  working 
on  this  general  subject.  The  paper  is  lull  of  material  which  re- 
quires a  good  deal  of  time  and  study  to  discuss,  and  I  look  forward 
to  the  time  when  in  these  other  promised  papers  we  shall  see  the 
rest  of  the  matter  presented.  The  subject  is  likely  to  be  an 
exhaustless  one,  as  the  number  of  changes  which  can  be  rung 
upon  this  type  of  apparatus  and  similar  types  is  almost  endless. 
1  simply  call  attention  to  what  seems  to  me  quite  an  interesting 
matter,  which  would  be  of  course  naturally  expected,  that  is 
comparing  Fig.  3  with  Fig.  9,  one  machine  run  as  a  motor  simply, 
and  the  other  as  an  induction  generator;  we  see  the  speed  curves 
are  almost  the  exact  counterpart  reflected  upward,  while  the  other 
curves  are  very  much  the  same,  and  the  breakdown  line  is  marked 
in  verv  much  the  same  w^ay,  by  a  re-curving  backward  at  a  cer- 
tain elevation  above,  and  below  in  the  other  instance.  No  doubt 
further  inspection  of  these  very  interesting  curves  would  discover 
other  analogies  between  the  work  of  the  different  motors  and 
under  the  different  conditions. 

Thk  Prksidknt  : — The  use  of  an  induction  motor  as  a  genera- 
tor is  a  very  interesting  subject,  about  which  there  is  not  very 
much  information  now  available.  Mr.  Steinmetz  simply  con- 
siders it  incidentally  in  order  to  complete  the  scope  of  his  in- 
vestigations. The  stability  of  their  action  is  very  peculiar,  and 
he  does  not  specify  the  exact  conditions,  but  indicates  them.  1 
hope  that  point  will  be  more  fully  covered  in  future  papers. 

Prof.  W.  E.  Goldshorouoh  : — It  seems  to  me  that  one  of  the 
most  interesting  points  which  the  paper  brings  out  is  the  great 
exactness  with  which  a  piece  of  apparatus  can  be  designed.  Tiie 
curves  which  are  shown  in  this  paper,  especially  those  of  Figs. 
1  and  2  are  particularly  valuable  to  us,  in  view  of  the  fact  that 
thev  indicate  that  a  piece  of  electrical  apparatus  can  be  designed 
with  as  great,  if  not  greater,  accuracy  than  can  any  other  kind  of 
machinery.  The  ])oints  fall  upon  the  curves  with  great  exactness, 
and  if  I  understand  Mr.  Steinmetz  aright,  the  curves  were 
figured  out  before  the  machine  was  operated.  1  do  not  know  of 
any  other  case  where  the  accuracy  of  the  calculations  made  pre- 
vious to  the  test  of  the  machine  has  been  anything  like  as  marked 
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as  in  the  case  we  have  before  us,  and  this  agreement  between 
theory  and  practice  seems  to  be  something  that  is  worthy  of  being 
emphasized. 

Dr.  a.  E.  Kennhlly: — I  think  this  paper  is  both  interesting 
and  important.  It  shows  that  the  quantitative  behavior  of  the 
induction  motor  depends  on  two  vector  quantities;  so  that,  when 
these  vectors  are  known,  all  the  behavior  of  the  motor  can  be 
predicated. 

I  am  desirous  of  clearing  up  two  points  in  the  paper  that  seem 
to  be  open  to  misapprehension.  On  page  198  it  is  stated  that 
the  characteristic  features  of  the  motor  depend  merely  upon  its 
admittance  and  impedance.  But  unless  otherwise  defined,  the 
admittance  and  impedance  of  a  motor  or  any  conducting  circuit 
should  be  mutually  reciprocal  quantities,  whereas  this  admittance 
and  impedance  are  not  apparently  so  connected,  and  it  appears, 
in  fact,  that  the  impedance  is  exclusive  of  the  mutual  inductance 
of  the  machine,  while  the  admittance  includes  it.  It  seems  im- 
portant to  have  this  distinction  pointed  out. 

As  regards  the  term  "  torque-efBciency,"  the  definition  given 
in  words  on  page  190.  seems  to  be  excellent  and  one  much  needed: 
namely,  the  ratio  of  the  torque  which  a  motor  develops  at  a  given 
intake,  to  the  torque  it  would  develop  if  it  had  no  losses  of  energy. 
The  symbolic  definition  for  the  torque  efficiency  on  page  189,  I 
do  not  understand,  because  it  is  expressed  as  a  ratio  of  a  torque 
to  a  power.  It  is  true  that  torque  and  power  have  the  same 
dimensional  formula  in  our  existing  system  of  dimensions,  but, 
we  are  accustomed  to  define  an  efficiency  as  the  ratio  of  two 
quantities  of  the  same  nature,  and  not  of  two  quantities  of  different 
natures.  I  think  Mr.  Steinmetz  will  assist  us  by  clearing  up  this 
point. 

Dr.  F.  a.  C.  Perrine  : — I  do  not  know  whether  I  misunder- 
stood Mr.  Steinmetz  or  not,  in  reference  to  Fig.  13,  page  211. 
If  I  did  not,  I  cannot  see  how  his  statement  agrees  with  the  figure. 
It  is  stated  that  in  spite  of  the  fact  that  by  the  introduction  of 
capacity  the  torque  was  tremendously  increased,  at  the  same  time 
the  torque  efficiency  was  so  largely  decreased,  that  the  effect  of 
capacity  was  rather  harmful  than  beneficial,  and  that  instead  of 
introducing  capacity  in  order  to  get  a  high  torque  we  should  raise 
the  voltage.  The  apparent  torque  efficiency  certainly  has  a  max- 
imum coincident  with  the  maximum  of  torque  where  the  capacity 
reactance  is  introduced,  though  the  torque  efficiency  is  somewhat 
lowered.  But  I  fail  to  see  how  the  difference  is  so  great  as  to 
warrant  the  statement  that  it  would  be  better  to  increase  the 
electromotive  force  in  order  to  get  the  high  current  necessary  to 
give  the  great  torque,  than  to  introduce  the  capacity  to  get  that 
torque. 

Then  in  reference  to  Figs.  1  and  2,  as  Prof,  (xoldsborough  says, 
they  are  of  tremendous  importance,  as  showing  how  close  our 
calculations  can  come  to  simple   experimental  results.     At  the 
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same  time  I  do  not  understand  from  the  paper  how  many  of  the 
initial  points  in  these  various  curves  are  necessary  to  assume  be- 
fore the  method  of  calculation  can  be  applied  and  the  curves 
drawn.  For  if  initial  points  must  be  assumed  for  all  these  curves, 
then  that  means  simply  that  the  form  of  the  curve  is  shown  by 
the  equation,  but  it  aoes  not  show  that  a  predetermination  of  the 
characteristics  of  such  a  machine  may  be  obtained.  From  a  com- 
parison of  Figs.  3  and  9  it  is  apparent  that  only  the  initial  value 
of  the  current  curve  is  assumed  in  these  various  calculations ;  but 
it  is  not  at  all  clear  that  it  is  not  necessary  to  assume  more  than 
the  initial  values  of  the  other  curves  as  well,  and  the  equations 
simply  give  the  forms  of  the  curves.  Those  are  points  of  diffi- 
culty to  me  that  I  would  be  glad  if  Mr.  Steinmetz  would  give  me 
further  light  on. 

Mr.  Charles  P.  Steinmetz  : — Referring  first  to  the  effect  of 
capacity  inserted  in  the  secondary  of  an  induction  motor,  on  page 
21 1  a  curve  is  shown  giving  the  effect  of  various  values  of  capac- 
ity introduced  into  the  secondary,  without  any  additional  resis- 
tance. From  this  curve  it  follows  that  the  maximum  value  of 
apparent  torque  efficiency  is  reached  at  the  maximum  point  of 
torque,  that  is  at  the  point  of  complete  resonance.  Eut  this 
maximum  value  of  apparent  torque  efficiency  is  only  6 1  per  cent, 
and  on  either  side  of  this  point  the  apparent  torque  efficiency 
falls  off  very  rapidly.  Looking  now  on  the  preceding  page,  the 
curve  of  apparent  torque  efficiency  produced  by  various  values  of 
non-inductive  resistance  inserted  into  the  induction  motor  secon- 
dary, we  see  that  the  value  is  beyond  80  per  cent,  over  a  very 
large  range,  and  hardly  anywhere,  except  very  near  the  short- 
circuit  point,  drops  below  80  per  cent.  This  means  that  we  can 
get  a  very  large  torque  indeed  by  capacity,  but  at  the  expense  of 
a  still  larger  current,  while  by  means  of  non-inductive  resistance, 
and  by  raising  the  impressed  voltage,  we  can  get  the  same  large 
torque  with  much  less  current.  The  best  value  of  capacity  is 
indeed  the  value  giving  perfect  resonance,  but  even  at  that  value 
the  apparent  torque  efficiency  is  far  below  the  values  available 
by  the  use  of  non-inductive  resistance. 

With  regard  to  the  assumptions  made  in  calculating  the  curves 
given  in  the  paper,  as  stated  therein,  these  curves  are  calculated 
froin  the  values  of  impedance  and  admittance,  both  vector 
quantities.  No  further  assumptions  have  been  made,  neither  the 
initial  point  of  the  curve  nor  any  other  point.  Obviously  the 
initial  point  of  the  induction  motor  curve  and  of  the  induction 
generator  curve  are  the  same,  since  they  are  identical,  represent- 
ing the  point  of  synchronism.  These  values  of  impedance  and 
admittance  from  which  the  curves  in  tiie  paper  are  calculated, 
may  either  be  taken  from  tests  made  on  the  motor,  or  they  are 
calculated  beforehand  in  the  same  way  as  electrical  data  are  gen- 
erally calculated.  The  methods  of  calculation  obviously  belong 
in  the  field  of  electrical  design  and  thus  are  outside  of  the  Ecope 
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of  this  paper.  I  may  say,  however,  that  these  values,  and  tliere^ 
from  the  mduction  motor  curves,  can  be  calculated  with  perfect 
accuracy,  and  in  fact  have  to  be  calculated  very  accurately,  since 
obviously  in  larger  motors  it  is  generally  not  possible  to  change 
them  after  the  motor  has  been  built,  and  thus  they  have  to  be 
calculated  correctly  before  the  motor  is  built. 

The  formula  for  torque  efBciency  and  apparent  torque  efficiency, 

T         T  . 

p  and  -Qj  is  apparently  the  ratio  of  a  torque  over  a  power.  How- 
ever, in  discussing  torque  of  a  motor,  the  same  difficulty  appears 
already  which  has  led  me  to  the  introduction  of  the  terms  "torque 
efficiency"  and  ''apparent  torque  efficiency."  The  value  of 
torque  in  pounds  at  one  foot  radius  has  obviously  no  meanings 
whatever  in  regard  to  the  electrical  features  of  the  motor,  since 
a  motor  giving  only  half  the  torque  of  another  motor  but  being 
designed  for  twice  the  speed  of  operation  is  obviously  just  as 
efficient  regarding  the  torque  produced  by  it,  or  inversely,  a 
motor  with  a  larger  torque  when  designed  for  lower  speed  of 
operation  may  be  inferior  in  starting  efficiency  to  a  motor  of 
same  capacity  of  lesser  starting  torque  but  higher  running  speed. 
That  means  torque,  and  more  particularly  starting  torque  can  be 
compared  only  with  reference  to  the  speed  for  which  the  motor 
is  designed.  Since  in  the  discussion  oi  the  paper  no  assumptions 
are  made  with  reference  to  the  number  of  poles  and  the  frequency 
of  the  motor,  that  is  to  its  speed,  the  torque  in  pounds  at  one 
foot  radius  cannot  be  calculated  at  all  without  these  assumptions, 
but  only  the  product  of  the  torque  into  synchronous  speed,  which 
gives  a  direct  criterion  of  the  starting  effect  of  the  motor. 

It  is  this  value  which  I  have  introduced  into  the  paper  as  T 
and  spoken  of  as  torque.  It  is  the  torque,  but  with  a  multiplier 
depending  upon  the  construction  of  the  individual  motor  and 
its  frequency,  and  this  multiplier  is  its  synchronous  speed.  Thus 
T'is  in  reality  a  power,  and  is  given  in  watts  and  represents  thus 
the  power  which  the  torque  of  the  motor  would  develop  at  syn- 
chronous speed.  Hence  the  name  synchronous  watts.  This  I 
l)elieve  will  make  the  apparent  discrepancy  in  the  paper  disappear. 

The  terms  admittance  and  impedance  introduced  in  the  paper 
need  some  further  explanation  I  conceive,  but  have  been  left 
without  it,  since  they  have  been  used  in  tiie  same  meaning  by  me 
before,  in  the  theory  of  induction  motors  and  of  transformers. 

Admittance,  however,  is  usually  spoken  of  as  primary  admit- 
tance and  refers  to  the  admittance  of  the  primary  circuit  only,  at 
open  secondary  circuit. 

If  an  E.  M.  F.  is  impressed  upon  an  induction  motor  or  trans- 
former, a  magnetic  flux  is  produced  thereby  which  is  partly 
interlinked  with  the  primary  and  secondary,  partly  interlinked 
only  with  the  primary  circuit,  or  only  with  the  secon- 
dary circuit.  The  former  is  the  flux  of  mutual  induction,  the 
latter  the  flux  of  self-induction.     The  effect  of  these  two  magcietvc; 
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fluxes  is  entirely  different,  and  even  opposite,  and  thus  it  is  not 
well  possible  to  investigate  the  action  of  an  induction  motor  or 
transformer  without  separating  these  two  fluxes  or  their  corres- 
ponding E.  M.  f's.  This  separation  is  done  in  introducing  two 
different  quantities,  the  primary  admittance  and  the  impedance. 
The  primary  admittance  refers  to  the  flux  of  mutual  induction 
only,  that  is,  the  magnetic  flux  produced  by  the  primary  and  in- 
terlinked with  the  secondary ;  while  the  impedance,  or  more 
properly  self-induction  impedance,  refers  to  the  flux  of  self-induc- 
tion, or  flux  interlinked  with  one  circuit  only. 

Obviously  the  investigation  could  be  carried  through  by  using 
either  only  impedance  or  only  admittance  for  both  quantities, 
but  here  in  the  theory  of  the  induction  motor  as  of  the  trans- 
former, it  is  more  convenient  to  represent  mutual  induction  by 
an  admittance,  and  self-induction  by  an  impedance. 

The  induction  generator  is  a  very  important  piece  of  apparatus, 
I  believe.  It  is,  however,  somewhat  restricted  in  its  application, 
due  to  the  necessity  of  having  as  load  a  circuit  of  leading  current. 
But  wherever  the  conditions  are  such  that  it  can  be  used,  as  for 
operating  synchronous  motoi-s  or  rotary  converters,  this  type  of 
machine  has  the  grent  advantage  of  the  absolute  absence  of  con- 
tinuous current  exciting  circuits,  collector  rings,  or  any  other  parts 
requiring  attention.  The  voltage  is  generated  in  a  stationary 
structure  and  the  revolving  part  is  a  solid  structure  of  iron  and 
copper  bars.  Furthermore,  as  soon  as  the  circuit  is  opened  or 
short-circuited,  the  power  is  gone  and  the  machine  dead,  so  that 
you  get  here  a  type  of  alternator  requiring  no  attention  whatever. 
Besides  you  can  run  it  at  different  speeds  and  still  get  the  same 
frequency  out  of  it. 

There  is  another  interesting  feature  noticeable  when  comparing 
the  induction  motor  curves  and  the  induction  generator  curves. 
The  same  machine  as  induction  generator  gives  a  considerably 
larger  output  electrically  than  as  induction  motor  mechanically. 
In  a  future  paper  I  shall  dwell  more  particularly  on  the  induction 
generator,  and  may  mention  here  only  that  I  have  operated  syn- 
chronous motors  from  an  induction  generator;  and  w^ith  the  same 
voltage  at  the  terminals  of  the  induction  generator,  the  mechan- 
ical output  from  the  synchronous  motor  driven  by  the  induction 
generator  was  larger  than  the  maximum  mechanical  output  which 
could  be  derived  from  the  same  induction  machine  as  induction 
motor. 

With  regard  to  the  agreement  of  tests  with  calculation,  the 
agreement  in  induction  motors  is  usually  much  closer  than  it  is  in 
continuous  current  machinery,  and  when  you  look  into  it  you 
will  see  the  reason  for  it.  In  continuous  current  machinery  the 
magnetic  circuit  is  worked  at  or  beyond  the  point  of  the  magnetic 
characteristic  where  saturation  begins,  and  thus  the  m.  m.  f.  con- 
sumed in  the  iron  part  of  the  magnetic  circuit  is  a  noticeable  part 
of  the  whole  m.  m.  f.     Now  it  is  not  possible  to  predetermine  the 
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magnetic  characteristics  of  the  material  of  a  machine  with  abso- 
hite  accuracy,  since  even  a  test  made  on  a  test  piece  broken  from 
tlie  casting  of  the  very  machine  does  not  give  correct  results, 
different  parts  of  the  same  casting  differing  from  each  other.  In 
induction  motors,  however,  and  transformers  the  iron  is  necessarily 
working  at  a  density  below  saturation,  and  thus  the  m.  m.  f.  con- 
sumed in  the  iron  is  very  small.  Hence  the  main  source  of  dis- 
crepancy between  calculation  and  test  in  continuous  current 
machines,  does  not  exist  in  induction  motors.  Obviously  occasioTi- 
aliy  some  discrepancy  between  test  and  calculation  appears  in 
induction  motors  also. 

The  term  admittance  essentially  depends  upon  the  length  of 
the  air-gap  of  the  motor.  The  length  oi  air-gap  used  in  induction 
motors  is  very  small,  and  thus  a  variation  in  the  air-gap  due  to 
imperfection  of  mechanical  construction  is  to  a  certain  extent  una- 
voidable. Occasionally  I  have  found  a  discrepancy  between  the 
calculated  and  observed  value  of  impedance  and  especially  its 
energy  component,  the  effective  resistance,  that  observed  by  the 
test  being  larger  than  the  ohmic  resistance  of  the  motor  as  derived 
from  calculation  or  measurement.  In  most  cases  of  this  nature 
I  have  been  able  to  locate  the  discrepancy  in  eddy  currents  pro- 
duced somewhere  in  the  mechanical  structure,  due  to  the  prox- 
imity of  iron  or  other  solid  metal,  and  by  removing  it  have  seen 
the  test  curve  drop  back  to  the  curves  derived  from  calculation. 
In  the  primary  admittance  of  motors  with  very  small  air  gap 
necessarilv  a  certain  variation  must  be  allowed  for  the  mechanical 
impossibility  of  <xetting  the  length  of  a  very  small  air-gap  exactly 
right.  Otherwise,  however,  you  see  that  the  problem  of  predeter- 
mination oif  induction  motors  is  really  more  favorable  for  accu- 
rate solution  than  that  of  continuous  current  machines. 

I  believe  this  is  all  which  has  come  up  in  the  discussion. 

The  following  paper  on  a  **New  Form  of  Induction  Coil"  was 
then  presented  by  Prof.  Elihu  Thomson. 
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A    NEW    FORM    OF    INDUCTION    COIL. 


BY    ELIHU   THOMSON. 


The  induction  coil  presently  to  be  described,  it  is  believed  con- 
stitutes a  new  type  employing  the  principle  of  a  "substitute 
l)riniary "  or  ''  secondary  primary,"  which  principle  has  been 
a|)plied  by  me  in  a  variety  of  ways. 

The  prime  object  of  this  coil  is  to  permit  the  direct  connection 
to  circuits  of  considerable  potential,  for  obtaining  energy  for  the 
])roduction  of  high  ix)tential  discharges,  like  those  of  a  Kuhmkorif 
coil  for  working  Rontgen  ray  vacuum  tubes,  and  for  such  like 
purposes.  The  object,  also,  was  to  avoid  the  employment  of 
l)anks  of  lamps  or  storage  batteries,  and  to  limit  the  energy  con- 
sumed to  only  that  amount  required  to  work  the  coil  itself. 
Furthermore,  no  larger  condensers  than  those  ordinarily  used 
with  an  induction  coil  of  equal  capacity  are  needed,  and  no  air- 
blast,  while  the  coil  as  a  whole  is  still  available  as  an  ordinary 
Ruhmkorff  without  change  in  its  structure  or  connections. 

To  illustmte  the  jxrinciple,  reference  is  made  to  Fig.  1,  where 
pn  represent  connections  to  mains  at,  say,  110  volts  difference  of 
jK)tential ;  i  i  is  an  iron  wire  core  around  which  are  wound  two 
coils,  one  over  the  other,  either  of  which  may,  of  coui'se,  be  the 
primary.  The  inner  coil  p  in  the  figure  is  made  the  primary,  and 
is  wound  with  many  turns  of  comparatively  fine  wire.  For  110 
volts  it  may  have  some  thousands  of  turns  and  be  wound  with  a 
a  wire  safe  for  .5  to  .75  ampere.  The  outside  wire,  s,  may  be 
coarse  or  fine.  In  the  figure  it  is  quite  coarse  and  of  relatively 
few  turns,  since  it  is  assumed  to  give  low  potential  and  large  cur- 
rent. The  coil  s  is  so  proportioned  as  to  be  practically  almost 
short-circuited  at  intervals  by  its  load  at  b,  which  is  three  cells  of 
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storage  battery  in  series,  for  example.  The  object  is  assumed  to 
be  that  the  batteries  are  charged  by  transference  of  energy  from 
coil  p  to  s  at  low  potential  in  s.  The  coil  s  should  have  ample 
copper  so  as  to  lower  its  internal  resistance  as  much  as  possible ; 
the  resistance  of  the  cells  b  should  be  low ;  and  the  average  vol- 
tage of  discharge  of  s  much  superior  to  the  counter  e.  m.  f.  of  b. 
Two  synchronously  revolving  break-pieces,  e,  f,  which  may,  in 
fact,  be  combined  into  one,  are  used  ;  e  is  for  governing  the  in- 
tervals of  passage  of  current  in  coil  p  and  connection  of  condenser 
c  across  the  break  or  interruption  periodically  made  between  one 
terminal  of  p  by  a  brush  o  and  a  metallic  segment  on  e  occupying 
a  considerable  arc  on  its  periphery.  Brush  h  connects  to  main  n. 
Back  of  the  main  segment  on  e  is  a  small  condenser  segment  in 
continuous  connection  with  one  side  or  foil  of  the  condenser,  and 
the  other  side  is  connected   to  the  other  terminal  of  p,  or  that 
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leading  direct  from  line  7>.  The  contact  maker  and  breaker  f 
has  a  segment  which  is  in  continuous  connection  with  one  tenni- 
nal  of  battery  b  to  be  charged,  and  which  touches  a  stationary 
brush  J,  at  or  about  the  time  of  the  break  between  brush  g  on  the 
main  segment  of  e.  The  battery  b  may  have  terminals  by  which 
it  may  furnish  current  while  being  charged. 

Now  let  the  break-wheels  e  and  f  be  given  rapid  revolution, 
say,  10,  20  or  80  per  second.  The  contact  of  brushes  o  and  h 
with  the  main  segment  of  e  j)asses  current  for  a  certain  con- 
siderable fraction  of  the  revolution,  at  full  line  potential  of  110 
volts,  through  primary  p.  The  current  rises  gradually  during 
this  period,  and  may  at  the  end  attain  a  value  of  one  ampere, 
more  or  less.  With  slow  revolution  it  would  be  limited  bv  the 
resistance  of  r  chiefly  ;  but  at  mpid  rates,  the  time  constant  of  p 
acting  as  a  self-induction,  determines  the  ultimate  value  of  current 
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before  breaking.  Upon  the  break  of  brusb  o  witb  the  main  seg- 
ment, it  touches  tlie  condenser  segment  which  is  thereby  put 
across  the  break,  but  the  circuit  of  s  is  also  closed  by  contact  of 
segment  on  f  with  brush  j.  The  condenser  receives  only  a  small 
charge  on  account  of  the  circuit  of  s  having  been  closed.  In 
fact,  the  break  at  o  with  main  segment  of  e  would  be  nearly 
sparkless  without  the  condenser  c,  but  what  slight  self-induction 
is  not  wiped  out  by  the  mutual  induction  of  the  currents  in  s  and 
V  i.s  very  easily  taken  care  of. 

The  magnetizing  of  tlie  core  1 1,  or  absorption  of  energy  is  by 
p,  while  delivery  of  energy  is  by  s  acting  as  if  nearly  on  a  closed 
circuit.  This  condition,  however,  does  not  involve  much  waste 
of  energy  if  the  ohmic  resistance  of  the  circuit  of  s  be  low  enough. 
Here,  then,  is  a  transfer  of  energy  from  one  circuit  to  another 
while  the  currents  are  direct  currents  in  each  circuit.  To  insure 
til  is  being  the  case  in  s,  the  time  of  contact  of  segment  on  f  with 
brush  J  must  be  selected  so  as  not  to  permit  any  reversal,  i,  e.y 
the  break  of  said  segment  with  k  must  be  timed  to  be  made  on 
the  cessation  of  the  first  impulse  or  discharge  from  s.  To  do  this 
an  ammeter,  responding  to  direct  currents  only,  placed  in  the  bat- 
tery circuit,  or  in  the  leads  from  s,  will  indicate  a  maximum 
direct  current  when  the  segment  f  is  of  proper  extent,  and  less 
under  other  conditions. 

With  the  principles  of  the  above  apparatus  in  mind,  it  is  easy 
to  understand  the  action  of  my  new  form  of  induction  coil,  which 
may  be  described,  briefly,  as  follows.  The  iron  core  i,  Fig.  2,  of 
the  induction  coil,  is  wound  with  the  ordinary  coarse  primary  coil 
and  terminals  provided  therefor.  Then  a  coil  of  intermediate 
gauge,  between  the  inner  primary  and  the  outer  secondary,  is 
wound.  It  is  to  be  capable  of  being  connected  across  a  circuit  of 
110  volts  as  with  coil  p,  Fig.  1.  This  coil  is  the  true  primary  or 
energy  supplying  coil,  but  for  convenience  and  saving  of  wire  I 
prefer  to  coimect  it  in  as  the  under  ])ortion  of  the  real  secondary 
circuit.  It  thus  becomes  useful  as  a  part  of  the  secondary  itself 
and  having  several  thousand  turns,  adds  a  considerable  fraction 
to  the  total  potential  of  the  secondary.  The  secondary  is,  as 
usual,  of  quite  line  wire  of  many  thousands  of  turns,  well  insu- 
lated throughout. 

In  Fig.  2,  the  coarse  coil  is  marked  sp,  and  the  intermediate 
coil,  p  8,  while  that  outside  is  marked  s.  The  functions  of  the 
coils  8  p  and  p  s  are  to  act  as  secondaries  and  primaries  alternately. 
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This  is,  in  fact,  an  essential  function  of  s  p,  but  is  only  incidental 
to  coil  p  s,  having  been  connected  into  the  secondary  circuit  s, 
whose  terminals  are  at  1 1.  The  break-wheels  e  f  are  like  those 
of  Fig.  1,  except  that  in  f  there  is  a  mnch  shorter  main  segment 
and  a  condenser  segment  following,  as  in  e.  There  is  no  battery 
in  the  circuit  of  s  p,  but  it  is  put  on  dead  short-circuit  at  intervals, 
just  at  the  time  p  s  is  broken.  Coil  p  s  receives  current  from 
line  at  ^  ti,  at  100  to  200  volts,  or  more.  On  the  break  of  this 
circuit  at  brush  o  the  ampere  turns,  so  to  speak,  are  shifted  sud- 
denly into  circuit  of  sp,  closed  on  itself  by  j  f.  The  consequence 
is  that  even  at  slow  breaks  no  spark  occurs  at  the  rupture  of  g  e. 
As  soon  as  the  current  has  been  fully  established  in  s  p  on  short- 
circuit,  and  after  brush  q  has  got  entirely  away  from  all  metallic 


P      n 
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connections  on  e,  the  main  segment  of  f  breaks  tlie  circuit  of  s  p 
which  is  conveying  a  very  heavy  current  at  low  potential.  The 
condenser  o  is  put  instantly  across  tlie  break,  and  the  spark  flies 
between  terminals  t  L  In  this  way  a  coil  of  tlie  size  of  a  six  inch 
Kuhmkoi'ff,  gives  a  torrent  of  six  inch  sparks  with  an  average 
current  from  a  110-volt  line  of  about  one-half  an  ampere.  A 
simple  motor  or  clock-work  may  be  used  to  drive  the  break- 
wheels  E  f  which  are  made  of  fair  diameter  to  insure  accuracy  in 
operation.  The  best  results  are  only  to  be  obtained  when  the 
proportioning  of  the  parts  is  carefully  done,  and  with  a  know- 
ledge of  the  result  to  be  obtained. 

The  discharges  are  indistinguishable  from  those  of  a  similar 
Ruhmkorff.      In  fact,  the  coil  described  might  be  used  with  the 
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same  condenser  c  as  an  ordinary  Rubinkorff  coil  energized  by 
batteries.  In  this  case  the  terminals  of  the  coil  section  p  s  are 
disconnected,  brush  j  lifted,  and  battery  inserted  between  brush 
o  and  terminal  of  sp,  which  goes  to  j  in  Fig.  2.  The  break- 
wheel,  K  or  F,  when  run  with  low  potentials  may  be  immersed  in 
water  in  the  usual  way  to  facilitate  sharp  breaks,  but  the  appa- 
ratus has  been  very  successfully  run,  at  full  output,  dry,  or  a  little 
heavy  oil  on  the  break  suffices.  Also,  the  flux  of  current  in  sp 
may  be  made  by  a  magnet  to  break  its  own  circuit  under  water 
when  the  current  has  risen  to  a  predetermined  amount.  In  other 
words,  it  may  be  provided  with  the  usual  automatic  break, 
damped  or  adjusted  not  to  get  into  tremulous  vibration.  It  will 
be  seen  from  the  above  description  that  a  new  way  of  energizing 
an  induction  coil,  or  other  transforming  apparatus,  has  been  em- 
bodied and  that  it  consists  in  the  rapid  substitution  of  secondary 
and  primary  functions  in  the  coil  sp. 
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Discussion. 

Dr.  a.  E.  Kennelly: — I  think  that  this  is  an  ingenious  de- 
vice and  by  giving  my  interpretation  of  its  use,  I  may,  })erhaps, 
not  only  show  some  of  its  advantages  over  other  forms,  l)ut  also 
elicit  ^rof.  Thomson's  criticisms,  in  case  I  fail  to  describe  the 
apparatus  adequately. 

when  you  excite  the  primary  winding  of  an  induction  coil 
through  an  interrupter  or  revolving  contact-breaker  from  a  110- 
volt  circuit,  it  is  difficult  to  break  the  circuit  at  the  interrupter 
promptly  and  to  avoid  a  vicious  spark.  If,  however,  you  use  a 
coarse-wire  primary  winding  and  a  storage  battery  or  low-tension 
source  of  excitation,  the  sparks  and  breaks  are  much  le^s 
troublesome. 

Prof.  Thomson  says:  I  want  to  use  a  110- volt  primary  ex- 
citing circuit  for  convenience,  and  yet  obviate  the  difficulty  of 
breaking  the  arc  at  the  interrupter.  I  do  this  by  short-circuiting 
an  intermediate  coarse-wire  coil  just  before  each  interi-uption,  and 
I  thus  start  a  powerful  low-tension  current  in  the  intermediate 
coil  with  the  energy  which  would  give  rise  to  the  primarv  spark. 
Now  the  primary  current  can  be  interrupted  without  difficulty. 
As  soon  as  it  is  safely  broken,  I  break  the  powerful  current  in 
the  intermediate  circuit,  just  as  though  it  were  obtained  from  a 
low-tension  source  and  obtain  all  the  effects  in  the  secoiidarv 
circuit  due  to  a  low-tension  excitation. 

Prof.  Thomson: — If  there  are  no  further  remarks  I  would  say 
that  Dr.  Kennelly  is  quite  right.  He  has  put  the  case  exactly 
as  I  would  have  had  it  put.  The  use  of  110  volts  in  working 
the  induction  coil  has  required  hitherto  a  very  high-speed  break, 
and  only  moderate  currents  flowing  in  the  coils,  in  which  case 
there  is  a  tendency  to  get  in  the  secondary,  alternating  di6chare;es 
or  discharges  very  similar  to  high-frequency  discharges,  positive 
and  negative.  But  in  this  case  the  tendency  is  to  a  unidirectional 
discharge  as  in  the  ordinary  Ruhmkorf.  At  the  same  time  I 
should  nave  said  that  the  working  of  the  break- piece  in  this  case 
is  substantially  without  spark,  and  can  be  worked  without  any 
such  devices  as  air-blast  and  without  working  under  water.  It 
can  even  be  oiled  while  it  is  in  operation  and  the  effect  is  perfect. 
The  objection  to  the  arrangement  of  course  is,  that  it  involves 
the  use  of  a  revolving  break-piece  to  put  the  circuits  through 
these  various  paces;  that  is  the  connections  must  be  made  and 
broken  in  just  a  certain  order  and  with  just  a  certain  relation  to 
each  other,  that  has  to  be  determined  beforehand  and  settled 
once  for  all.  It  is  not  of  course  as  simple  as  a  simple  hammer 
break  which  opens  a  contact,  but  it  is  certainly  more  simple  than 
a  revolving  break  which  has  to  have  an  air-blast  or  arrangement 
for  continuously  putting  out  the  spark.  Even  then  one  gets  a 
good  deal  of  fire  at  the  contacts. 

[Kecess.] 


1897.]  FOVRTBBNTH  GENERAL  MEETING.  231 

Monday,  July  26th,  1897. 
Evening  Session. 

The  formal  opening  exercises  of  the  14th  General  Meeting 
were  held  in  the  "Eirenion"  at  8.15  p.  m.  where  the  Institute  was 
given  a  hearty  welcome  by  Miss  Sarah  J.  Farmer,  and  her  re- 
presentative, Dr.  George  F.  Barker  in  the  following  words : — 

Miss  Farmer: — Mr.  President,  members  of  the  Institute  and 
ladies.  The  loving-kindness  which  you  have  shown  in  coming 
to  us,  participating  in  our  conference  and  assisting  in  our  loan 
exhibit  touches  me  deeply.  I  feel  more  than  I  can  express  to 
you,  and  I  have  asked  my  father's  friend  who  loved  him,  and 
whom  my  father  loved.  Dr.  George  F.  Barker  of  the  University 
of  Pennsylvania  to  speak  the  greetings  for  me  to-night. 

Dr.  Barker: — I  have  greatly  enjoyed,  ladies  and  gentlemen,  the 
atmosphere  of  Greenacrein  the  few  hours  that  I  have  spent  here, 
but  there  seems  to  me  to  be  in  this  atmosphere  an  element  that  is 
peculiar.  I  have  no  physical  reason  for  believing  that  ideas  are 
mixed  in  the  atmosphere  as  material  substances  are,  but  I  imagine 
they  are.  At  all  events  I  find  myself  to-night  inclined  to  think 
that  there  is  a  peculiar  atmosphere  here  which  I  have  not  seen 

f)ut  down  in  the  programme.  I  feel  as  though  I  had  been 
ly pnotized,  and  I  am  not  sure  but  that  it  is  so,  for  the  hypnotists 
tell  us  that  the  power  of  a  stronger  mind  over  a  weaker,  forces 
the  weaker  to  do  whatsoever  the  stronger  commands.  Those  of 
you  who  have  been  here  these  past  weeks,  and  those  of  you 
who  have  been  here  during  the  past  years  know  well  what  I 
mean.  A  mind  which  can  organize  such  an  institution  as  you  find 
here,  a  mind  which  can  bring  all  these  people  together,  full 
f)f  ideas  to  give  and  to  receive  from  each  other,  is  a  stronger 
mind,  and  I  am  delighted  myself  to  be  put  hypnotically  under 
the  influence  of  such  a  stronger  mind  as  1  am  sure  we  all  agree 
that  Miss  Farmer  is.  I  justify  my  remarks  then  by  simply  saying 
that  I  am  speaking  for  her  and  when  I  offer  words  of  welcome  I 
do  it  under  hypnotic  influence. 

We  all  have  some  ideas  about  a  future  state,  about  immortality; 
but  howsoever  we  differ  in  regard  to  what  that  actually  means, 
we  all  agree  in  this,  that  in  some  respects  the  immortality  of  this 
life  is  quite  as  important  and  quite  as  powerful  as  the  immortality 
of  the  future  life. 

He  who  does  for  his  generation  that  which  is  worthy  of  being 
done ;  he  who  improves  the  condition  of  his  fellow  men ;  he  who  in- 
vents for  their  benefit ;  he  who  discovers  that  they  may  live  better 
and  be  better,  is  sure  of  a  present  immortality.  Now  to  what  am 
I  asked  to  welcome  the  American  Institute  of  Electrical 
Engineers  ?  To  this  atmosphere,  an  atmosphere  sacred  to  the 
memory  of  Moses  G.  Farmer.  It  might  be  to  this  beantiful 
place,  it  might  be  to  all  the  attractions  which  are  here^  it  w\\^\. 
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be  to  all  the  delightful  people  whom  we  are  to  meet,  but  those 
are  as  nothing  in  comparison  with  the  magnificent  atmosphere 
of  the  doings  of  Mr.  Farmer,  which  they  will  find  here  and 
which  thev  are  to  breathe.  We  cAn  breathe  in  an  inspiration  as 
we  can  tlie  atmosphere,  and  none  of  us  who  have  been  here 
and  paid  our  homage  to  the  memory  of  tliat  great  man  will  fail 
to  go  away  from  here  feeling  that  the  inspiration  of  a  great  name 
has  been  more  to  us  than  all  else  which  is  here  besides. 

Miss  Farmer  has  been  kind  enough  to  say  that  she  has  asked  me 
to  speak  to  you  to-night  because  I  knew  her  father  so  well  and  ad- 
mired him  so  much.  1  feel  as  though  1  were  in  a  special  sense  in 
his  presence,  when  I  see  here  upon  this  platform  these  two  delight- 
ful portraits.  I  am  especially  glad  that  Mrs.  Farmer's  portrait  iias 
been  put  here  too,  for  I  know  so  well  the  service  which  she 
rendered  him  in  all  the  work  which  he  did,  and  I  feel  that 
among  all  the  blessings  which  God  has  given  to  man  there  is 
none  better  than  a  faithful  and  true  wife. 

My  first  meeting  with  Mr.  Farmer  was  many  years  ago,  more 
perhaps  tlian  some  of  us  who  are  getting  along  in  years  like  to 
recall.  There  is  one  point  in  which  our  science  at  the  present 
day  seems  to  me  to  be  quite  deficient.  There  still  is  maintained 
an  alliance  in  the  case  of  two  of  the  sciences,  between  which  I  am 
sure  a  divorce  ought  to  be  decreed,  and  that  is  the  alliance  be- 
tween the  sciences  of  astronomy  and  physiology.  I  see  no 
reason  physiologically  why  we  should  get  older  in  proportion  to 
the  number  of  times  that  the  earth  goes  around  the  sun.  It  was 
in  1852  while  I  was  an  apprentice  m  a  philosophical  instrument 
store  in  Boston  that  I  first  met  Moses  G.  Farmer.  I  was  sent  to 
carry  some  apparatus  which  he  had  bought.  I  went  to  the  fire 
alarm  room  in  Court  Square  with  this  apparatus,  and  he  at  once 
received  me  verv  kindly  and  asked  me  if  I  knew  what  he  was 
about.  Well,  I  had  a  general  idea,  but  knew  nothing  in  detail ; 
and  he,  busy  as  he  was,  took  the  opportunity  of  explaining  to  me 
the  system  of  fire  alarm  telegraph  which  he  was  then  arranging  in 
Boston.  We  became  firm  friends.  He  called  me  Fred  to  the  day 
of  his  death,  and  that  is  one  of  my  most  cherished  memories.  We 
all  understand  what  this  fire  alarm  system  was,  so  that  I  will  speak 
of  it  only  in  the  personal  connection.  You  will  remember  the 
system  was  designed  to  call  out  the  districts  on  the  alarm  be!  Is  of  the 
city,  this  information  being  sent  to  the  central  office  by  the  simple 
operation  of  turning  a  crank  on  the  axis  of  which  there  were  pro- 
jections, these  projections  indicating  by  a  letter  or  number  where 
the  fire  was.  It  was  here  that  he  began  his  work,  and  it  was  here 
that  he  carried  it  through.  Moreover  it  was  during  the  work  that 
he  did  in  that  fire  alarm  office  that  he  made  use  of  a  magneto- 
electric  machine  driven  by  water  power  for  the  purpose  oi  send- 
ing out  the  alarm.  After  that  he  moved  his  laboratory  to  Sudbury 
Street,  and  being  in  Boston  about  that  time  in  connection  with  the 
Harvard  Medical  School,  I  used  to  spend  a  great  deal  of  time  in 
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this  laboratory.  It  was  there  tliat  he  deveh>ped  the  system  of  in- 
eandescent  lighting  which  has  been  so  frequently  referred  to.  I 
remember  this  apparatus  very  well.  That  tangent  galvanometer 
which  we  see  in  the  loan  exhibit  was  one  of  the  pieces  of  appara- 
tus which  he  there  employed.  I  went  in  there  one  day  and  he 
said,  "look  here."  He  took  a  little  piece  of  platinum  plate  and 
cut  a  strip  from  it.  He  measured  very  carefully  with  a  microm- 
eter the  length,  breadth  and  thickness  of  the  strip.  Then  by 
means  of  a  formula  he  had  worked  outj  he  calculated  the  amount 
of  current  it  was  necessary  to  send  through  that  strip  in  order  to 
bring  it  to  itB  melting  point.  He  put  tlic  strip  in  circuit,  turned 
the  current  on,  and  increased  it  until  the  point  was  reached  on 
the  tangent  galvanometer  giving  that  current,  and  the  platinum 
became  incandescent.  He  then  said  I  will  show  you  the  correct- 
ness of  my  formula.  He  increased  the  current  one  degree  and 
the  platinum  melted.  It  was  in  connection  with  this  arrange- 
ment that  he  devised  the  movable  rheostat  by  which  if  the  cur- 
rent varied,  the  rheostat  took  care  of  it  and  threw  in  resistance 
so  that  the  platinum  lamp  should  not  receive  U)0  much  current; 
a  clear  anticipation  of  the  first  devices  made  use  of  wben  the 
platinum  lamps  came  into  more  extensive  use.  I  have  in  my 
]>ossession  too,  some  of  the  bars  of  a  thermo-battery  which  he 
made  at  that  time,  the  metals  being  an  alloy  of  antimony  and 
zinc  combined  with  a  copper  strip.  In  regard  to  the  dynamo 
machine  which  has  been  referred  to,  we  all  remember  that  the 
principle  is  that  of  self-excitation.  You  cannot  put  a  piece  of 
iron  in  any  position  whatever,  without  its  being  to  some  ex- 
tent a  magnet.  The  instruments  which  had  l)een  used  for 
generating  currents  hitherto,  utilized  permanent  steel  magnets. 
His  idea  was  that  any  piece  of  iron  is  more  or  less  a  magnet,  and 
if  you  happen  to  put  that  piece  of  iron  in  the  direction  of  the 
magnetic  needle,  it  is  more  strongly  a  m^net.  He  said  there 
is  magnetism  enough  in  every  piece  of  iron  for  us  to  use  it.  Sup- 
j)Ose  we  move  a  coil  of  wire  near  that  Imr,  that  coil  of  wire  in 
consequence  of  that  motion  has  a  small  current  induced  in  it. 
Suppose  I  send  that  current  around  the  bar ;  that  will  magnetize 
the  bar  and  that  will  then  generate  more  current,  and  so  on  until 
the  maximum  is  reached.  There  are  three  methods  by  which  this 
was  done,  and  Mr.  Farmer's,  as  Mr.  Wilde  has  told  us,  and  as  the 
Proceedings  of  the  Philosophical  Society  of  Manchester  clearly 
proved,  antedates  both  Wheatstone's  and  Siemens'.  So  all  the 
time  we  see  that  this  man  was  working  quietly,  piling  up  note- 
book after  note-book  and  never  publishing,  though  ho  was 
repeatedly  urged  to  publish.  There  is  a  line  sometimes 
drawn  between  those  who  discover,  and  those  who  apply  the 
iliscoveries  of  others  to  useful  purposes;  between  the  man  of 
science,  so-called,  and  the  inventor.  Now  to  a  very  large  extent 
Mr.  Farmer's  utilizations  were  Mr.  Farmer's  discoveries.  I  re- 
member very  well  in  1863  there  was  a  wonderful  exhibitvcsvw 
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for  that  time  of  an  electric  light  upon  the  evening  of  the  4th  of 
July  on  the  Boston  State  House.  Prof.  William  B.  Rogers  had 
charge  of  the  exhibition,  and  a  very  large  Bunsen  battery  was 
placed  in  the  dome,  and  wires  were  led  up,  and  this  light  was 
shown  at  the  same  time  with  the  fireworks  on  Boston  Common. 
There  was  somebody  else  up  there  beside  Prof.  Rogers  and  his 
assistants,  and  that  man  was  Mr.  Farmer.  They  wanted  to  make  a 
display,  they  wanted  to  show  an  electric  light  larger  than  any  that 
had  been  seen  up  to  that  time.  Mr.  Farmer  had  no  such  idea. 
He  wanted  to  do  what  had  not  been  done  in  the  world  be- 
fore and  what  has  not  been  done,  ])0Bsil)ly  with  one  excep- 
tion, since.  He  wanted  to  determine  how  much  energy,  how 
many  horse-power  it  required  to  produce  that  light,  and  out  of 
the  data  which  he  obtained  in  those  exi>eriments  in  the  dome 
of  the  Boston  State  House,  on  that  night  of  the  4th  of  July,  18H8, 
came  the  mechanical  equivalent  of  light.  He  then  proved  that 
to  support  the  light  (not  the  heat,  but  the  light)  of  one  candle 
required  the  expenditure  of  13.1  foot  pounds  per  minute.  Some 
time  after  that.  Prof.  Thomsen  of  Copenhagen,  undertook  from 
similar  data  to  get  this  result,  and  the  two  results  were  very  closely 
accordant.  Isow  this  fact  shows  two  things,  and  those  are 
the  only  two  things  I  want  to  say ;  first,  that  most  of  the 
matter  that  is  in  Mr.  Farmer's  note-books  is  matter  which 
was  new  to  science  at  that  time.  Ho  was  therefore  a  great 
scientific  discoverer.  I  urged  him  and  others  urged  him  to 
publish,  but  that  innate  modesty  of  his  prevented  him  from 
aoing  so,  and  consequently  many  of  those  things  which  were 
in  his  note-books  are  now  known  in  the  form  of  pmctical 
outcome  obtained  by  others.  I  maintain  that  those  note  books 
contain  discoveries  that  should  be  credited  to  him.  Secondly, 
he  was  also  a  great  inventor,  and  the  inventions  which  he 
made,  you  have  evidence  of  in  the  fragmentary  exhibit  here, 
which,  while  it  is  a  very  fine  exhibit,  is  far  short  of  what  it  might 
have  been  had  we  been  able  to  collect  all  Mr.  Farmer's  inven- 
tions and  put  them  over  there.  Now,  may  I  not  say,  in  view  of 
this  hasty  resume  that  I  have  given,  that  this  atmosphere  is  an 
atmosphere  to  which  it  is  well  worth  while  to  invite  the  Amkricax 
Institutk  of  Electrical  Engineers,  and  may  1  not  say  that  the 
atmosphere  in  which  Mr.  Farmer  lived  and  worked,  is  an  atmos- 
phere where  the  members  of  the  American  Institute  of  Elec- 
trical Engineers  cannot  but  receive  an  inspiration  and  an  im- 
pulse. If  I  am  right  in  this  conclusion,  then  I  have  to  return  into 
my  hypnotic  state  and  to  extend,  in  behalf  of  Miss  Farmer  and 
all  the  friends  here  who  are  conducting  this  splendid  enterprise 
— to  extend  to  my  friend  the  President,  Dr.  Oocker,  and 
through  him  to  the  memi)ers  of  the  Institutk,  a  most  hearty 
welcome  to  this  hallowed  spot.     [Applause. 

Pkof.  Crockkr: — Mr.  Chairman,  ladies  and  gentlemen—  It   is 
a  matter  of  great  satisfaction  that  the  Institute  is  able  to  do  some 
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little  honor  to  our  late  honorary  member,  Moses  G.  Farmer.  He 
represented  what  I  consider  to  De  the  idea  lelectrical  engineer,  be- 
cause he  combined  the  two  branches  of  that  subject,  the  theoretical 
and  the  practical.  Dr.  Barker  has  just  pointed  out  that  most  of 
his  work  was  done  on  the  borderland  between  wliat  we  call  pure 
physics  and  applied  electricity.  It  would  seem  as  if  this  com- 
bination of  the  two  was  most  perfect  and  that  either  alone,  with- 
out the  other,  is  incomplete.  The  electrical  engineer  could  not 
be  a  pure  scientist,  and  while  the  latter  might  be  a  member  of 
our  body  he  would  not  represent  the  title  in  the  most  perfect 
manner.  But  in  Prof.  Farmer  we  have  an  ideal  example  of  that 
well-balanced  combination  of  pure  science  and  useful  application. 
Therefore  we  can  do  full  homage  to  him,  and  the  Institute  will 
always  cherish,  I  feel  sure,  not  only  his  name  but  also  it  will  be 
elevated  by  the  example  which  he  set  to  its  members. 

In  taking  up  the  subject  of  the  evening, '' The  Precision  of 
Electrical  ^ns^ineering  ;^  it  occurred  to  me  as  Dr.  Barker  was 
speaking,  that  Prof.  Farmer's  mind  had  that  very  exactness  which 
I  am  going  to  attempt  to  bring  out.  On  several  occasions  his 
friends  have  spoken  of  the  exact  measurements  which  Prof. 
Farmer  employed  in  his  work,  and  Dr.  Barker  has  just  cited  a 
case  in  which  Prof.  Farmer  was  able  to  predict  the  exact  amount 
of  current  required  to  fuse  a  certain  piece  of  platinum.  It  is 
that  very  precision,  that  very  power  of  prediction,  that  I  claim 
for  our  profession,  and  it  seems  therefore  especially  appropriate 
that  I  should  now  attempt  to  set  forth  this  accuracy  which  char- 
acterized Prof.  Farmer's  work.  The  subject  is  obviously  not  a 
popular  one.  Nevertheless  it  is,  I  think,  of  general  interest  and 
the  popular  mind,  as  well  as  the  scientific,  is  never  tired  of  hear- 
ing of  the  wonderful  achievements  of  electricity.  It  is  a  fascinat- 
ing subject  which  never  seems  to  lose  its  charm,  and  therefore 
I  hope  that  some  of  the  points  will  interest  those  present  who  are 
not  electricians,  although  this  address  was  of  course  prepared 
from  the  professional  point  of  view.  I  may  also  state  that  I  have 
not  been  able  to  do  justice  to  the  sub ject  or  to  the  occasion,  owing 
to  poor  health  during  the  last  few  months ;  but  this  theme  is 
so  powerful  in  itself  that  it  simply  requires  to  be  started  and  it 
will  carry  itself  along. 

President  Crocker  then  gave  his  address  as  follows : 


Inaugwai  Address  0/  the  Presidtmty  ai  ike  i^tk 
Genere^l  Meeting  ff  the  Americem  Institute  0/ 
Electrical  Engineers,  Elict^  Me.^  July  attk. 


THE  PRECISION  OF  ELECTRICAL  ENGINEERING. 


BT  FRAK0I8  B.  OROCKBR. 


There  still  exists  quite  a  general  idea  that  electricity  is  so  im- 
perfectly understood  that  its  laws  and  actions  are  little  more  than 
matters  of  chance  or  guesswork.  The  experience  of  the  electrical 
engineer  is  supposed  to  consist  of  a  series  of  surprises  and  shocks 
to  his  mind  as  well  as  to  his  body.  This  notion  is  not  confined 
to  the  ignorant,  but  is  believed  by  many  educated  persons,  even 
including  our  brother  civil  and  mechanical  engineers;  indeed, 
some  members  of  our  own  profession  hear  this  opinion  expressed 
so  often  that  they  partly  accept  it  as  true^  or  at  least  they  have 
no  ready  arguments  with  which  to  refute  it. 

The  existence  of  this  popular  error  concerning  electricity  is 
perfectly  natural,  and  arises  from  the  novelty  of  the  subject  and 
the  fact  that  its  development  has  been  so  great  and  so  rapid  that 
no  one  but  a  few  specialists  has  been  able  to  keep  pace  with  it. 

The  subtlety,  extreme  rapidity  of  action,  and  the  astonishing 
achievements  of  this  modern  agency  make  it  appear  most  myster- 
ious and  occult  in  comparison  with  the  ordinary  forms  of  energy, 
such  as  heat  and  mechanical  power.  Possessing  such  transcen- 
dental powers,  it  is  looked  upon  as  something  not  only  unknown, 
but  unknowable,  an  irresponsible  power  for  great  good,  or  great 
evil.  This  idea  has  sometimes  been  the  cause  of  actual  harm  to 
the  progress  of  electrical  engineering.  The  profession  has  been 
considered  to  be  hardly  legitimate,  those  who  practised  it  being 
regarded  as  either  wizards  or  charlatans,  or  a  combination  of  the 
two.  During  the  present  year,  the  president  of  a  large  steam 
railroad  system,  on  which  electric  propulsion  is  being  tried, 
publicly  expressed  his  opiuion  that  electrical   engineers  know 
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little  or  uotbing  of  their  enbject.  In  legal  decisions  in  this 
country  and  abroad,  judges  have  stated  that  electricity  was  so 
vaguely  understood,  that  testimony  concerning  it  was  of  no 
practical  value. 

It  has  also  been  held  by  many  courts,  that  electricity  being  in- 
tangible, has  no  real  existence,  so  that  the  tapping  of  current 
from  the  wires  could  hardly  be  considered  as  a  theft,  except  in 
an  imaginary  sort  of  a  wa}'.  The  production  of  electrical  energy 
in  central  stations  has  been  decided  by  metaphysically  inclined 
judges  to  be  a  totally  different  kind  of  business  from  the  manu- 
facture of  gas.  In  point  of  fact,  the  differences  are  all  in  favor 
of  the  practical  character  of  electricity.  More  useful  operations 
cMi  be  performed  by  it ;  it  can  be  more  easily  transmitted  and 
distributed ;  the  percentage  of  leakage  is  less,  and  its  measure- 
inent  is  far  more  convenient  and  accurate. 

The  idea  that  **  no  one  knows  what  electricity  is,  therefore  we 
know  practically  nothing  about  it,"  is  often  expressed  by  those 
who  want  to  excuse  their  own  ignorance  of  the  subject.  They 
are  glad  to  think  that  they  are  no  more  worse  off  in  this  respect 
than  the  rest  of  the  world.  Their  deduction  is  quite  natural,  but 
is  absolutely  fallacious.  While  we  must  admit  that  we  do  not 
know  the  real  nature  of  electricity,  the  same  limitation  of  knowl- 
edge applies  to  all  other  fundamental  facts.  Gravitation  is  the 
most  familiar  of  natural  phenomena,  yet  we  have  no  conception 
whatever  of  what  it  actually  is.  Our  theories  and  mental 
pictures  of  the  nature  of  electricity  are  much  more  definite  than 
those  concerning  gravitation.  In  regard  to  the  latter,  little  prog- 
ress has  been  made  since  the  time  of  Kewton,  while  electrical 
knowledge  has  advanced  and  is  now  advancing  with  giant  strides. 
There  is  every  reason  to  believe  that  we  shall  ^'  know  what  elec- 
tricity is  "  and  be  able  to  explain  the  inherent  mechanism  by 
which  electrical  actions  take  place,  before  we  understand  how  and 
why  a  stone  is  drawn  to  the  earth.  What  we  do  know,  however, 
are  the  laws  of  both  electricity  and  gravitation,  as  well  as  the 
results  that  they  produce,  and  it  is  very  doubtful  if  our  ability  to 
control,  measure  and  utilize  these  agencies  would  be  improved 
even  if  we  understood  their  exact  nature.  The  laws  and  applica- 
tions of  hydraulics  would  be  just  as  definite  and  successful  even 
though  the  fact  were  not  known,  that  water  is  composed  of  two 
atoms  of  hydrogen  and  one  of  oxygen.  It  is  possible  that  methods 
of  generating  electricity  may  be  advanced  when  its  real  character 
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is  discovered,  but  it  is  uot  likely  that  this  knowledge  will  greatly 
affect  the  methods  of  handling  and  using  it. 

The  popular  ignorance  and  doubt  concerning  electricity  is 
rapidly  disappearing  in  consequence  of  the  remarkable  results 
accomplished  by  it  during  the  last  ten  or  fifteen  years,  but  it  will 
not  be  out  of  place,  I  think,  to  consider  at  this  time  the  remark- 
able exactness  which  electrical  engineering  has  reached.  A  dis- 
cussion of  this  question  may  serve  to  inform  laymen  who  are  not 
familiar  with  the  facts,  and  may  also  be  a  matter  of  interest  and 
satisfaction  to  ourselves.  This  profession  has  only  very  recently 
gained  for  itself  a  position  of  independence  and  equality  among 
the  branches  of  engineering,  but  it  can  now  fairly  claim  to  be  an 
example  for  the  others  to  follow,  not  only  in  the  magnitude  and 
rapidity  of  its  results,  but  also  in  the  exactness  and  certainty  of  its 
methods.  Let  us  consider  what  are  the  principal  facts  upon  which 
this  strong  claim  it  based. 

The  names  connected  with  electrical  science : — Gilbert,  Frank- 
lin, Faraday,  Ampere,  Maxwell,  Henry,  lielmholtz,  Kelvin,  and 
a  long  list  of  other  distinguished  electricians,  are  not  men  whose 
ideas  are  vague  or  incorrect.  Indeed,  it  is  a  significant  fact  that 
the  ablest  and  most  profound  scientific  men  have  been  attracted 
by,  and  have  performed  some  of  their  best  work  in  the  study  of 
electricity. 

The  rapid  progress  of  electrical  science  and  its  applications  is 
an  absolute  proof  of  sure  and  exact  knowledge.  Uncertainty 
would  necessarily  cause  delay,  and  error  would  involve  repeated 
trials  before  success  could  be  reached.  The  fact  that  the  difficult 
arts  of  long-distance  transmission  of  power,  and  electric  traction 
have  been  developed  to  their  present  state  of  importance  and 
success  in  alx)ut  ten  years,  shows  conclusively  that  electrical 
theories  and  designs  agree  very  closely  with  the  actual  facts. 

The  great  results  a<icomj>lished  hy  electrical  eiigineering  is 
probably  its  strongest  claim.  Many  of  these  are  so  unique  and 
astonishing  that  we  still  regard  them  with  wonder  even  after  we 
have  become  familiar  with  them.  Among  the  most  striking  of  these 
examples  are  the  locating  of  faults  on  submarine  cables,  telephon- 
ing a  thousand  miles  or  more,  transmitting  power  over  one  hund- 
red miles,  sending  simultaneously  a  number  of  messages  on  the 
same  wire,  utilizing  the  power  of  Niagara,  and  producing  the 
Rontgen  ray.  These  and  hundreds  of  other  wonderful  feats  are 
not  accomplished  by  chance,  or  by  groping  in  the  dark. 
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The  close  relationship  hetween  pure  and  applied  electrieal 
science  is  still  another  proof  of  the  exactness  and  truth  of  both. 
If  knowledge  were  complete,  theory  and  practice  would  become 
identical.  The  agreement  between  theoretical  and  practical  elec- 
tricity is  largely  dne  to  the  small  losses  which  occur  in  elec- 
trical apparatus  and  processes.  Even  quantities  which  correspond 
to  friction  in  mechanics,  such  as  electrical  resistance  and  magnetic 
hysteresis,  are  capable  of  exact  calculation.  It  is  only  the  purely 
non-electrical  factors,  such  as  the  friction  of  bearings  and  air 
resistance,  that  are  uncertain  in  designing  electrical  machinery. 
The  almost  infinite  rapidity  of  electrical  action  makes  the  time 
element  so  small  that  it  can  nearly  always  be  neglected. 
This  greatly  simplifies  calculations  and  renders  their  results 
more  accurate.  The  fact  that  there  is  only  one  kind  or  quality 
of  electricity  also  gives  definiteness  to  our  ideas  and  calculations. 
With  coal  we  must  know  its  quality,  including  both  its  physical 
and  chemical  properties,  in  order  to  make  even  approximate  cal- 
culations concerning  it.  In  the  case  of  steam,  pressure  and 
volume  are  not  suHicient  data ;  the  amount  of  moisture  or  super- 
heating must  also  be  known.  The  most  accurate  methods  of  the 
physicist  are  not  any  too  good  for,  nor  beyond  the  reach  of  the 
electrical  engineer,  and  they  are  often  employed  by  him.  A  notable 
example  of  this  is  Lord  Kelvin's  work  in  connection  with  laying 
the  Atlantic  cable,  which  was  undertaken  at  about  the  same  time 
that  he  began  to  publish  his  essays  on  the  vortex  theory  of  matter. 
When  Werner  Siemens  first  built  his  self-exciting  dynamos,  he 
also  constructed  the  sensitive  galvanometers,  used  in  theresearches 
of  his  friend  Helmholtz.  It  was  Siemens,  the  electrical  engineer, 
who  gave  his  money  and  influence  to  the  Keichsanstalt,  an  insti- 
tution where  the  most  accurate  physical  work  is  now  being 
carried  on. 

A  historical  example  of  the  agreement  between  electrical 
theory  and  fact  is  the  brilliant  work  of  Ampere,  who  gave  to 
the  world  a  beautiful  and  complete  theory  of  electro-magnetism 
within  a  few  days  after  he  heard  of  its  discovery  by  Oersted. 
The  work  of  Maxwell  is  another  great  example  of  the  power  of 
the  intellect  to  deal  with  electrical  problems. 

Hertz  said,  in  regard  to  Maxwell's  electro-magnetic  theory  of 
light:  *'It  is  impossible  to  study  this  wonderful  theory  without 
feeling  as  if  the  mathematical  equations  had  an  independent  life 
and  an  intelligence  of  their  own ;  as  if  they  were  wiser  than  our- 
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selvee,  indeed ,  wiBer  than  their  discoverer ;  as  if  they  gave  forth 
more  than  he  had  put  into  them.  And  this  is  not  altogether  im- 
possible ;  it  may  happen  when  the  equations  prove  to  be  more 
correct  than  their  discoverer  could  with  certainty  have  known." 

It  can  hardly  be  admitted  that  there  is  anything  in  Maxwell's 
equations  that  he  did  not  put  into  them,  but  the  remarkable  ex- 
perimental corroboration  of  Maxwell's  theories  many  years  after 
they  were  evolved,  shows  that  from  a  few  fundamental  truths  al- 
most the  whole  theory  of  electricity  may  be  deduced. 

This  power  to  solve  problems  successfully  by  a  priori  reason- 
ing demonstrates  the  perfection  of  electrical  science.  We  can 
arrive  at  the  facts  by  reasoning  out  what  they  ought  to  be ;  hence 
we  may  say  that  electrical  science  is  ideal.  In  other  branches  of 
applied  science,  as  for  example  in  civil  engineering,  the  correc- 
tions, factors  of  safety  and  other  allowances  are  often  much 
greater  than  the  original  quantity  itself.  In  such  cases  it  is 
obviously  impossible  to  go  very  far  from  an  experimental  fact,  by 
any  process  of  reasoning.  The  errors  would  immediately  become 
so  magnified  that  the  truth  would  be  greatly  distorted  or  lost 
entirely. 

To  take  a  concrete  example,  the  losses  in  transforming  elec- 
trical energy  are  only  two  or  three  per  cent.,  and  if  an  error  of 
ten  per  cent,  is  made  in  calculating  these  losses,  the  actual  error 
is  only  two-  or  three-tenths  of  one  per  cent.  It  would,  therefore, 
be  possible  to  design  a  system  in  which  electrical  energy  was 
transformed  many  times,  and  yet  the  final  error  would  only  be 
one  or  two  per  cent.  If,  on  the  other  hand,  the  losses  in  mechan- 
ical engineering  are  ten  or  twenty  per  cent.,  or  even  fifty  per 
cent.,  as  is  often  the  case,  an  error  of  ten  per  cent,  in  calculating 
these  quantities  would  soon  become  multiplied  to  a  large  figure. 

Exactness  in  electrical  units  and  terms  is  another  strong  point 
of  electrical  engineering,  because  defiuiteness  in  terms  and  ideas 
go  hand  in  hand.  The  system  of  electrical  units  is  complete  and 
scientific,  being  based  directly  upon  the  c.  a.  s.  system,  and  is  the 
only  example  of  a  set  of  units  which  are  universally  adopted. 
The  metric  system  is  not  in  use  in  the  United  States,  Great  Britain 
and  her  possessions  and  many  other  countries,  but  the  same  elec^ 
trical  units  are  accepted  by  all  nations.  This  avoids  the  great 
confusion  which  arises  from  the  use  of  several  different  units  for 
the  same  thing,  as  is  the  case  in  steam  engineering,  in  which  at 
least  four  different  heat  units  are  commonly  employed. 
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In  electrical  engineering  the  distinction  between  the  various 
quantities  are  usually  more  clearly  understood,  as  for  example 
the  difference  between  force,  work  and  power.  In  other  branches 
these  quantities  were  often  confused,  and  the  fact  that  mistakes 
of  this  kind  are  not  more  often  made  at  present,  is  largely  due  to 
the  influence  of  electrical  engineering  in  the  accurate  use  of 
terms.  The  useful  word  torque  has  been  introduced  through 
electrical  engineering  although  it  is  a  purely  mechanical  quantity. 
The  adoption  of  such  terms  as  impedance  and  reactance  gives  a 
nicety  of  expression  which  is  rarely  found  in  other  applied  sci- 
ences. 

Thefdcility  and  accuracy  of  devirical  measurements  contrib- 
utes greatly  to  the  precision  of  electrical  engineering.  Volts 
and  amperes  can  be  easily,  quickly  and  accurately  measured  by 
means  of  convenient  portable  instruments.  The  product  of  these 
volta  and  amperes  gives  the  watts  or  power  which  is  the  most  im- 
portant quantity. 

If  desired,  a  single  instrument — the  wattmeter — can  be  used  to 
combine  the  two  quantities.  Electrical  resistance  can  also  be 
measured  easily  and  quickly,  and  with  still  greater  accuracy. 
Even  the  less  common  electrical  quantities,  snch  as  capacity  and 
inductance,  can  be  measured  without  much  difficulty  and  with 
reasonable  exactness.  The  magnetic  quantities  are  also  quite 
easily  and  correctly  determined.  As  already  stated,  the  most 
doubtful  factors  in  electrical  engineering  arc  the  mechanical  ones. 

The  enormous  range  in  electrical  engineering  is  still  another 
proof  of  its  precision.  The  same  laws  and  principles  which 
apply  to  the  almost  infinitesimal  galvanometer  current  are 
equally  applicable  to  the  current  from  an  electric  light  station. 
The  former  may  be  only  a  hundred  billionth  of  an  ampere  and 
the  latter  reaches  ten  thousand  amperes,  which  is  a  thousand 
million  million  (10*^)  times  greater. 

An  even  greater  ratio  than  this  represents  the  range  of  resistance 
measurements.  In  the  case  of  large  copper  bars,  a  determintaion 
to  within  .000001  ohm  is  often  required,  and  for  insulation  testing 
10,000  megohms  is  not  an  unusually  high  figure.  This  gives  a 
range  of  measurement  of  ten  thousand  million  million  (10^^. 

An  electrical  instrument,  the  bolometer  of  Professor  Langley, 
is  used  to  measure  the  heat  received  from  the  fixed  stars,  and 
electricity  is  also  the  agent  selected  when  100,000  horse-power 
a]*e  to  be  distributed  from  Niagara.      Instead  of  saying  that  elec- 
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tricity  is  selected  for  these  extreme  nses,  it  would  be  more  cor- 
rect to  state  that  it  must  be  employed,  just  as  it  is  the  only  means 
of  transmitting  speech  a  thonsand  miles,  or  performing  the  many 
other  miracles  of  which  it  alone  is  capable. 

T?ie  directness  and  high  efficiency  with  which  electrical  energy 
can  be  con/verted  into  other  forms  is  another  fact  which  gives 
exactness  to  our  work.  It  can  be  transformed  into  heat,  light, 
magnetic,  mechanical  or  chemical  energy,  by  the  simplest  means, 
and  conversely,  the  latter  forms,  with  the  possible  exception  of 
light,  can  be  readily  changed  into  electrical  energy.  In  most 
cases  the  conversion  is  almost  perfect,  the  efficiency  of  an  electric 
motor  or  dynamo  being  usually  over  90  per  cent,  and  often  93  or 
94  per  cent.  The  chemical  energy  in  a  storage  battery  represents 
nearly  90  per  cent,  of  the  watt-hours  applied  to  it,  assuming  the 
losses  in  charging  and  discharging  to  be  about  equal.  The  storage 
of  magnetic  energy  may  be  effected  at  an  even  higher  efficiency 
of  97  or  98  per  cent,  and  the  conversion  of  electrical  energy  into 
heat  is  complete,  the  efficiency  of  an  electric  stove  actually  reach- 
ing the  ideal  figure  of  100  per  cent.  The  production  of  light 
cannot  be  accomplished  so  economically,  nevertheless  the  arc 
lamp  has  a  far  higher  efficiency  than  any  other  artificial  source  of 
light,  although  it  is  usually  stated  to  be  only  8  or  10  per  cent. 
It  is  also  more  than  probable  that  the  long-songht-for  high  effici- 
ency lamp  will  be  an  electric  one  when  it  is  finally  invented. 
This  facility  and  economy  of  transformation  puts  electricity  di- 
rectly in  touch  with  the  other  sciences  and  their  applications, 
avoiding  the  chances  for  error  which  round-about  processes  neces- 
sarily involve.  None  of  the  other  forms  of  energy  possesses  any- 
thing like  the  same  convertibility.  The  one  serious  difficulty  in 
connection  with  electricity  is  the  fact  that  its  generation  requires 
a  boiler,  engine  and  dynamo,  bringing  in  heat  and  mechanical 
power  as  steps  in  the  process.  If  this  complication  could  be 
avoided,  and  electrical  energy  produced  directly  from  the  chem- 
ical energy  of  the  coal,  the  only  limitation  would  be  removed. 
This  has  already  been  done  in  an  experimental  way,  and  by  the 
substitution  of  water-power  for  steam,  one  piece  of  apparatus  and 
one  form  of  energy  are  eliminated,  but  the  complete  independence 
of  electrical  engineering  and  the  realization  of  all  of  its  possibil- 
ities will  be  secured  when  the  direct  conversion  of  fuel  energy 
into  electrical  energy  is  accomplished  practically. 

It  has  been  shown  that  there  are  no  less  than  eight  subat&iit&Ak 
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groDnds  upon  which  the  precision  of  electrical  engineering  is 
baeed.  The  consideration  of  these  has  incidentally  brought  out 
several  concrete  examples,  bnt  it  will  be  well  to  cite  a  few  other 
special  instances  which  demonstrate  electrical  exactness. 

The  one  which  first  claims  our  attention  not  only  on  account  of 
its  historical  precedence,  bnt  also  from  its  wonder-compelling  re- 
sults, is  the  locating  of  faults  in  ocean  cables.  In  this  connection 
I  quote  from  information  kindly  furnished  me  by  one  of  the 
vice-presidents  of  the  Instttutk,  Dr.  A.  E.  Kenuelly,  who  has 
had  a  long  and  successful  experience  in  this  branch  of  the  pro- 
fession. He  states  that  ^^  In  the  case  of  cable  coiled  in  a  tank  and 
which  has  been  taken  into  the  tank  over  a  measuring  drum  with- 
out being  subjected  to  any  considerable  tension,  the  precision 
with  which  a  fault  in  the  gutta  percha  can  be  located  is  some- 
times very  considerable.  I  have  known  one  or  two  eases  in 
which  a  fault  has  occured  in  a  length  of  say  thirty  miles  of  cable 
immersed  in  water  and  maintained  at  practically  one  temperature 
in  the  tank,  and  in  which,  by  means  of  the  Varley  loop  test  re. 
peated  many  times  and  under  various  conditions  to  eliminate 
constant  errors,  the  electrical  position  of  the  fault  has  been  de- 
termined to  within  a  probable  error,  representing  about  twenty 
feet  of  length.  On  turning  the  cable  over  from  one  tank  to  an- 
other by  a  seven  foot  drum  on  which  the  cable  makes  three  turns, 
and  cutting  the  cable  when  the  computed  distance  has  been  run 
over,  the  fault  has  been  found  on  the  drum,  that  is,  in  the  sixty 
feet  or  so  of  cable  then  lying:  on  the  drum." 

''  As  regards  the  location  of  faults  in  submarine  cables  on  the 
ocean  bed,  the  precision  depends  upon  a  variety  of  circumstance?, 
and  in  general  is  necessarily  much  lower  than  in  the  case  of  a 
cable  coiled  in  a  tank.  The  average  error  in  practice,  or  the  dif- 
ference between  the  true  electrical  and  computed  positions,  is 
perhaps  about  fifteen  ohms,  or  about  one  mile  and  a  half  of  cable 
having  the  common  resistance  of  ten  ohms  per  mile.  Under 
favorable  circumstances  a  complete  break  in  a  cable  developing  a 
fair  extent  of  surface  exposure  to  the  sea  water  at  the  end  of  the 
copper  conductor,  the  electrical  position  can  be  determined  within 
five  ohms  in  a  total  conductor  resistance  of  1,000  ohms.  In  the 
case  of  a  fault  in  the  insulator,  sufficiently  serious  to  interfere 
with  signalling,  specially  favorable  cases  will  occur  in  which  the 
electrical  position  of  the  fault  can  be  determined  to  within  one 
ohm  when  a  loop  test  is  obtainable  and  when  the  total  conductor 
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resistance  of  the  loop  does  not  exceed  8,000  ohms."  "  I  have 
known  a  case  of  total  loss  of  continnity  in  the  conductor,  accom- 
panied by  perfect  insalation.  It  occurred  in  lifting  a  cable  for 
repairs  and  was  within  half  a  mile  of  the  ship.  A  measurement 
of  eleotrosttitic  capacity  enabled  the  distance  to  be  determined 
within  a  few  yards."  Other  cases  are  given  by  Dr.  Kennelly, 
and  many  may  be  found  in  various  works  and  journals,  but  these 
are  sufficient  to  show  the  astonishing  results  that  are  possible,  as 
well  as  those  that  are  obtained  in  regular  practice. 

The  methods  employed  in  locating  faults  in  underground  con- 
ductors are  quite  similar  to  those  used  for  submarine  cables,  but 
the  results  are  less  striking  and  important.  Mr.  William  Maver, 
Jr.,  who  is  an  authority  on  this  subject,  cites  a  case  in  which  the 
calculated  position  of  a  fault  was  2,343  feet  from  the  testing  end 
of  an  underground  cable  4,200  feet  long.  *The  defect  was  found 
at  the  exact  point  indicated.  The  alternative  would  have  been 
the  tearing  up  of  the  street  and  cutting  through  a  heavy  iron 
pipe  until  the  fault  was  found,  as  the  conduit  was  not  provided 
with  manholes.  One  way  to  locate  a  ground  connection,  which 
illustrates  the  simplicity  and  certainty  of  electrical  testing,  con- 
sists in  sending  a  current  through  the  conductor  to  the  ground 
through  the  fault  in  the  insulation.  A  com p^iss  carried  along  over 
the  cable  will  indicate  by  its  deflection  or  non-deflection  when  the 
fault  is  reached.  The  facility  of  overcoming  distances  and  ob- 
stacles impassable  to  other  agencies  is  characteristic  of  electricity 
and  magnetism. 

The  writer  has  had  occasion  to  test  the  resistance  and  position 
of  faults  ("grounds")  on  a  very  large  system  of  underground 
conductors  for  electric  lighting.  Although  the  problem  was 
complicated  by  the  fact  that  it  was  a  three-wire  system  which 
extended  several  miles,  it  was  found  possible  to  determine  the 
insulation  resistance  of  each  of  the  three  conductors.  The  posi- 
tion of  a  **  ground  "  is  shown  by  the  potential  diflference  between 
the  conductor  and  the  earth,  being  a  minimum  at  that  point. 
For  example,  if  a  ground  connection  exists  on  the  positive  wire 
and  a  considerable  current  flows  through  it  into  the  earth,  the 
potential  of  the  earth  at  that  point  will  be  raised  above  its  normal 
value.  The  potential  difference  existing  between  the  wire  and 
the  earth  is  actually  less  near  the  ground  connection.  This  may 
be  measured  from  the  station  by  using  the  "pressure  wires" 
ordinarily  laid  with  the  feeders,  and  special  wires  which  couive^^ 
to  the  ground  at  various  points  of  the  «y«leui. 
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The  paper  on  "The  Alternating  Current  Induction  Motor," 
presented  by  Vice-President  Charles  P.  Steinmetz  at  this  meeting 
of  the  iNSTrruTE,  affords  an  excellent  example  of  the  marvelous 
precision  of  electrical  engineerins^.     In  Figs.  1  and  2,  two  curves 
are  shown  which  give  the   eflSciencj,  speed,  power-factor  and 
other   characteristics   of  a   three-phase   induction   motor    under 
various  conditions.      These  curves  were  all   predetermined  by 
calculation.     In  the  same  figures  the  results  obtained  by  actual 
test  are  also  marked  by  small  crosses.    The  agreement  in  all  cases 
is  so  close  that  curves  plotted  from  the  actual  results  of  tests 
would  practically  coincide  with  those  predicted  by  calculation. 
This  is  all  the  more  remarkable  when  it  is  remembered  that  the 
three-phase  motor  is  one  of  the  newest  of  electrical  machines, 
and  is  a  difficult  problem  from  a  theoretical  standpoint.     It  has 
long  been  possible  in  designing  direct  current  machinery  to  pre- 
determine the  results  with  almost  as  great  accuracy  as  that  shown 
in  the  curves  of  Mr.  Steinmetz,  but  of  course  that  is  a  much 
older  problem.     Nevertheless,  the  predetermination  of  results  in 
direct  current  machinery  is  fully  as  difficult  as  in  the  case  of  al- 
ternating current  apparatus,  because   permeability  is  the  most 
doubtful  factor  in  such  calculations  and  is  especially  so  at  the 
high  flux   densities   used  in  the  former.     It  is  to  be  observed, 
however,  that  any  error  in  the  permeability  data  can  be  corrected 
by  increasing  or  decreasing  the  ampere-turns  on  the  field  magnet. 
This  is  easily  accomplished  by  providing  five  or  ten  per  cent, 
greater  m.  m.  f.  than  the  calculations  require,  which  may  be  re- 
duced, if  necessary,  by  the  introduction  of  resistance.     Since  the 
energy  used  for  the  field  is  a  very  small  percentage  of  the  total 
amount,  it  may  be  considerably  varied   without  materially  affect- 
ing the  other  factors  in   the  machine.     Sparking  at  the  commu- 
tator brushes  is  an  additional  and  by  no  means  simple  question 
which  confronts  the  designer  of  direct  current  apparatus.     I  re- 
member, however,  being  informed  by  Mr.  Gano  S.  Dunn  several 
years  ago  that  he  had  found  by  experience  in  many  cases  that  the 
efficiency  of  a  direct  current  dynamo  or  motor  can  be  predeter- 
mined from  the  drawings  before  the  machine  is  built,  within  a 
fraction  of  one  per  cent. ;  in  fact,  he  relied  more  upon  his  calcula- 
tions than  upon  an   actual  test  of  the  completed  machine,  even 
when  performed  by  skilled  men.     In  one  case  the  calculated  effi- 
ciency was  93  per  cent,  and  the  result  obtained  by  test  was  92.7 
per  cent.,  and  in  another  case  the  total  flux  was  found  to  be  1.38 
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per  cent,  greater  than  the  computed  value.  This  agreement  is 
Bomewhat  closer  than  is  found  in  every  day  practice,  but  is  not 
accidental  and  can  usually  be  approximated  by  careful  work. 

We  naturally  suppose  ourselves  to  be  familiar  with  mechanical 
energy  and  heat;  but  as  soon  as  we  convert  these  well  known 
forms  of  energy  into  that  extremely  subtle  and  mysterious  agent 
—electricity — it  immediately  becomes  far  more  definite  and  con- 
venient  to  control,  measure,  transmit  and  utilize.  In  becoming 
intangible,  it  forthwith  acts  as  the  most  reliable  and  matter-of-fact 
tool  in  the  hands  of  those  familiar  with  it.  For  example,  the 
quickest,  neatest  and  most  exact  method  of  making  a  test  of 
mechanical  friction,  or  the  power  required  in  any  given  case  is 
by  the  use  of  an  electric  motor.  In  this  way,  for  example,  we 
can  determine  the  friction  of  different  bearings  or  lubricating  oils 
under  various  conditions  of  pressure  and  speed,  or  the  power 
consumed  by  fans,  pumps  and  other  machines. 

Quite  a  striking  example  of  the  possibilities  of  electrical 
measurement  is  the  determination  of  the  e.  m.  f.  of  a  dynamo 
machine  without  running  it,  which  I  saw  successfully  carried  out 
more  than  ten  years  ago.  All  that  is  necessary  is  to  measure  the 
torque  exerted  by  the  machine  with  a  given  current  in  its  arma- 
ture. This  may  be  accomplished  by  simply  clamping  a  stick  of 
wood  to  the  pulley  and  weighing  the  pull  at  a  given  radius  by 
means  of  a  spring  balance.  If  the  same  machine  were  run  as  a 
dynamo  and  had  no  losses,   it  follows  that 

EI  ^  ^nrS P 

746  33,000    ' 

whence 

j^_tS  P 

in  which  t  is  the  radius  at  which  the  pull  is  measured,  A^is  the 
speed  in  revolutions  per  minute  at  which  the  dynamo  is  to  be  run, 
P  is  the  pull  in  pounds  at  the  given  radius  and  /is  the  current 
in  amperes.  The  field  strength  is  supposed  to  remain  the  same. 
This  method  is  correct  whatever  the  efficiency  of  the  machine 
may  be.  The  electrical  and  magnetic  losses  due  to  the  P  R  ef- 
fect in  armature,  field  current,  eddy  currents  and  hysteresis  do 
not  enter  this  problem.  Even  the  mechanical  losses  arising  from 
friction  of  bearings,  brushes,  etc.,  may  be  eliminated  by  measur- 
ing the  pull  plus  the  friction  and  then  minus  the  friction,  the 
actual   pull   being  one-half  the  sum  of  these  two  results.     The 
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effect  of  friction  may  also  be  gotten  rid  of  by  tapping  the  shaft 
when  the  measurement  is  made.  It  certainly  strikes  one  as  strange 
tliat  B.  M.  F.,  which  depends  npon  cutting  h'nes  of  force,  can  be 
determined  while  the  machine  is  standing  still. 

In  electro-chemistry  and  electro-metallurgy  quantitative  rela- 
tions are  particularly  precise.  The  ampere  being  defined  as  the 
current  which  deposits  .001118  grammes  of  silver  per  second,  the 
weight  of  any  other  substance  is  by  Faraday's  laws  proportional 
simply  to  its  chemical  equivalent.  This  definition  eliminates  any 
error  in  passing  from  the  electrical  to  the  chemical  data,  or  vice 
versa.  The  volt  is  also  defined  electro-chemically  in  terms  of  the 
s.  M.  F.  of  a  Clark  cell. 

The  author  presented  before  the  Instftute,  in  May,  1888,  a 
paper  on  *^The  Possibilities  and  Limitations  of  Chemical  Gener- 
ators of  Electricity,''*  in  which  the  weights  of  materials,  k.  m.  f. 
and  other  data  were  given  for  various  voltaic  combinations.  Some 
of  the  figures  were  obtained  by  experiment  and  some  by  calcula- 
tion. The  paper  also  gives  the  e.  m.  f.  produced  by  combinations 
of  thirteen  of  the  most  important  metals  with  chlorine,  bromine 
and  iodine,  respectively.  The  average  difference  between  the 
calculated  and  tested  values  was  less  than  one-tenth  of  a  volt. 
Even  this  small  error  is  practically  eliminated  when  the  results 
are  corrected  by  the  equation  of  Helmholtz,  that  is,  by  adding 

the  quantity  ±  T  — -=,,  in  which  T  \b  the  absolute  temperature 

a  T 

and  E\&  the  e.  m.  f.  of  the  cell.  Since  the  weights  of  materials 
liberated  or  consumed  by  a  given  current  in  a  given  time  can  be 
definitely  predetermined  and  the  voltage  due  to  a  certain  chemical 
combination  can  also  be  accurately  calculated,  almost  any  problem 
in  electro-chemistry  or  electro-metallurgy  is  susceptible  of  being 
quite  easily  and  correctly  solved.  That  branch  of  electro-chem- 
istry and  metallurgy  which  employs  electrical  heating  methods  is 
also  very  definite,  the  exact  amount  of  heat  in  gramme-degrees 
produced  per  second  by  an  electric  current  being  always  given  by 
the  simple  expression,  .24  P  R^  or  .24  EI, 

In  support  of  the  proposition  advanced  in  the  title  of  this 
address,  I  am  able  to  produce  most  interesting  personal  testimony. 
Mr.  Edison  and  Mr.  Tesla  have  independently  expressed  to  me 
their  opinion  that  electrical  knowledge  had  become  so  definite 
and  general  that  almost  anyone  could  apply  it,  and  comparatively 

1.  Transactions,  vol.  v.,  p.  227. 
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little  opportunity  was  left  for  invention.  They  believed  that 
-chemistry  and  thermodynamics  were  far  more  uncertain  and 
therefore  offered  a  much  better  field  for  improvement.  These 
views  were  expressed  several  years  ago,  and  subsequent  events 
have  shown  that  they  contain  a  great  deal  of  truth.  It  is  a  fact 
that  electrical  engineering  has  advanced  along  the  lines  laid  down 
by  these  and  other  great  inventors,  and  it  is  also  true  that  much 
<)f  the  work  has  been  done  by  the  rank  and  file  of  the  profession. 
The  trails  blazed  by  the  pioneers  have  since  become  broad  high- 
ways with  many  branching  roads,  built  for  the  most  part  by 
common  workmen.  On  the  other  hand,  the  discovery  of  the 
Eontgen  ray  has  since  been  made;  and  both  of  these  investigators 
have  given  much  valuable  time  to  it.  It  would  seem,  therefore, 
that  the  electrical  principles  and  laws  of  to-day  are  true  for  all 
time,  and  afford  a  firm  foundation  for  unlimited  future- progress, 
but  that  there  are  also  many  additional  facts  yet  to  be  discovered 
that  are  well  worthy  of  the  efforts  of  the  greatest  genius. 

In  conclusion,  the  following  quotation  from  the  preface  of 
Maxwell's  great  work  on  Electricity  and  Magnetism  is  appro- 
priate. "  The  important  applications  of  electro-magnetism  to 
telegraphy  have  also  reacted  on  pure  science  by  giving  a  com- 
mercial value  to  accurate  electrical  measurements,  and  by  afford- 
ing to  electricians  the  use  of  apparatus  on  a  scale  which  greatly 
transcends  that  of  an  ordinary  laboratory.  The  consequences  of 
this  demand  for  electrical  knowledge  and  of  these  experimental 
opportunities  for  acquiring  it,  have  been  already  very  great,  both 
in  stimulating  the  energies  of  advanced  electricians  and  in  diffus- 
ing among  practical  men  a  degree  of  accurate  knowledge  which 
is  likely  to  conduce  to  the  general  scientific  progress  of  the  whole 
engineering  profession." 

These  words  were  written  in  1873,  and  yet  they  show  strong 
confidence  in  the  accuracy  of  electrical  methods  and  full  appre- 
ciation of  the  close  relationship  between  electrical  science  and 
engineering,  as  well  as  their  beneficial  effects  upon  each  other- 
At  that  time  the  telegraph  was  the  only  practical  application  of 
electricity.  What  language  would  express  Maxwell's  wonder  if  he 
were  alive  to-day ! 


idO         MA  CFABLA  NE  ON  DISCHA  BOB  OF  CONDENSER.    [M  ay  18, 
[Communicated  After  Adjouknmknt  By  De.  A.  Macfarlank.] 

[See  p.  168  et  seq  for  paper  and  discu&sion.] 

I  regret  that  I  was  unable  to  be  present  at  tlie  General  Meet- 
ing of  the  Institute,  but  I  am  dad  to  have  an  opportunity  of 
stating  by  correspondence  the  reply  which  I  would  have  made  to 
the  pointe  which  were  advanced  in  the  discussion.  First  of  all,  I 
wish  to  thank  Mr.  Steinraetz  and  Dr.  Kennel ly  for  the  favorable 
opinion  which  they  express  of  the  investigation  proper;  diver- 
gence of  opinion  exists  only  with  respect  to  the  bearing  which 
the  investigation  has  on  certain  principles  of  mathematical  analy- 
sis. 

The  position  in  the  paper  which  Mr.  Steinmetz  attacks  may  be 
thus  stated.  If  the  investigation  in  the  paper  is  correct,  then  the 
current  doctrine  about  the  field  and  limits  of  algebra  is  incorrect. 
In  order  to  state  impartially  the  current  doctrine,  1  took  the  very 
concise  statement  of  it  given  by  Mr.  Steinmetz  in  his  work  on 
'*  Alternating  Current  Phenomena."  It  may  be  well  to  quote 
the  paragrapn  in  full:  "Thus  starting  from  the  absolute  integral 
numbers  of  experience,  by  the  two  conditions, 

1st.  Possibility  of  carrying  out  the  algebraic  operations,  and 
their  reverse  operations  under  all  conditions, 

2nd.  Permanence  of  the  laws  of  calculation,  the  expansion  of 
the  system  of  numbers  has  become  necessary  into, 

Positive  and  negative  numbers, 

Integral  numbers  and  fractions, 

national  and  irrational  numbers, 

Keal  and  imaginary  numbers,  and  complex  imaginary  numbers. 

Therewith  closes  the  lield  of  algebra,  and  all  the  algebraic 
operations,  and  their  reverse  operations  can  be  carried  out  irre- 
spective of  the  values  of  terms  entering  the  operation.  Thus 
within  the  range  of  algebra  no  further  extension  of  the  system 
of  numbers  is  necessary  or  possible,  and  the  most  general  number 
is,  a  -^-j  hy  where  a  and  b  can  be  integers  or  fractions,  positive 
or  negative,  rational  or  irrational"  (p.  404). 

Mr.  Steinmetz  and  I  agree  in  holding  that  the  above  is  the 
view  of  the  eminent  mathematicians  of  modern  times,  but  he 
holds  that  "it  is  obvious  that  they  cannot  possibly  have  been 
mistaken,"  while  I  hold  that  the  investigation  in  the  paper 
demonstrates  that  they  have  been  mistaken. 

Let  us  consider  now  the  reasoning  by  means  of  which  Mr. 
Steinmetz  in  his  reply  supports  the  current  theory,  and  endeav- 
ors to  show  that  the  hyperbolic  complex  quantity  is  not  an 
algebraic  quantitv.  To  simplify  the  question  in  dispute,  we  may 
accept  the  definition  of  an  algebraic  quantity  which  he  gives, 
and  admit  the  whole  investigation  down  to  x^  —  y^  =  ^-  ^^ 
assumes,  and  on  this  assumption  hinges  the  whole  matter,  that 
this  equation  can  be  satisfied  by  finite  values  of  x  and  y  provided 
they  are  equal.  But  as  x  and  y  are  the  terms  of  a  hyperbolic 
complex  quantity,  it  is  impossible  for  them  to  be  e(jual,  if  they 
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are  finite  qaantities;  in  other  words  sinh  ip  is  necessarily  less  than 
eosh^.     The  hyperbolic  complex  quantities  considered   in  the 

paper  (p.  164)  are  —  a  -\-  Va?  —  h  and  —  a  —  VcC^  —  h;  the 
quantity  under  the  radical  sign  is  necessarily  less  than  the  other. 
The  expression  s?  —  y^  means  the  square  of  the  modulus  of  the 
hyperbolic  complex  quantity,  and  as  x  and  y  cannot  be  equal  for 
any  finite  value,  the  equation  o?  —  y^  =  0  can  only  be  satisfied 
by  both  X  and  y  being  0.  In  the  case  of  the  hyperbolic  complex 
quantity,  the  two  terms  are  at  right  angles  to  one  another,  and 
tne  vanishing  of  the  modulus  involves  the  vanishing  of  both 
terms  for  the  same  reason  as  in  the  case  of  the  circular  complex 
quantity.     For  the   hyperbolic   complex  quantity    the   modulus 

r  =  V'j?  —  y*'  and  the  hyperbolic  angle  (p  is  such  that  tanh  if 
=  yjx.  Let  using  Kennelly's  angle  notation,  one  hyperbolic 
complex  (quantity  be  denoted  hy  r  lip  and  another  be  denoted  by 

r^  /^^,  then  the  product  is  r  r'  lip  ip^  precisely  after  the  manner 

of  the  ordinary  (circular)  complex  quantity.  If  the  product 
vanishes  and  r  does  not,  than  r*  must  vanish,  and  it  can  vanish 
only  by  x^  and  y*  each  vanishing.  Hence  the  hyperbolic  com- 
plex quantity  is  an  algebraic  quantity  according  to  Steinmetz's 
own  oetinition  of  such  a  quantity. 

The  investigation  in  the  paper  shows  that  the  hyperbolic  com- 
plex quantity  is  precisely  analogue  to  the  ordinary  (circular) 
complex  quantity;  and  for  any  theorem  in  circular  trigonome- 
trical analysis,  there  is  a  corresponding  one  in  hyperbolic  trigon- 
ometrical analysis.  If  the  former  is  algebra,  how  is  it  possible 
that  the  latter  cannot  be  algebra  i 

If  my  paper  demonstrates  anything,  it  demonstrates  that  the 
accepted  theory  of  the  quadratic  equation  requires  to  be  improved 
in  the  way  of  extension ;  and  one  may  reason  that  since  the  eminent 
mathematicians  of  modern  times  have  not  seen  the  complete 
theory  of  the  (juadratic  e(]uation,  it  is  quite  possible  that  they 
may  have  been  mistaken  about  the  field  and  bounds  of  algebra. 
The  view  of  the  quadratic  equation  which  was  held  by  the 
mathematicians  of  less  modem  times,  was  that  if  the  quantity 
under  the  ra'lical  sign  was  positive,  the  solution  was  possible,  but 
if  it  was  neojative,  the  solution  was  impossible.  This  is  the  true 
and  complete  theory,  when  the  unknown  quantity  ir  is  a  linear 
(juantity.  However,  when  a;  is  a  quantity  in  a  plane,  the  roots 
are  possible,  whether  the  quantity  under  the  radical  sign  is  negative 
or  positive ;  in  the  former  case,  we  have  the  circular  complex 
quantity,  and  in  the  latter  the  hyperbolic  complex  quantity.  The 
fact  that  the  real  roots  are  also  capable  of  representation  in  the 
plane,  is  the  part  of  the  theory  which  has  been  missed  by  analysts, 
and  is  advanced  for  the  first  time  in  my  paper. 

For  instance  consider  the  quadratic  equation 

a?  —  hx  4-  ♦;  =1  0. 

If  a?  is  a  linear  (juantity,  it  is  either  3  or  2  ;  hut  if  it  is  a  ])lanar 
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quantity  it  is  either  |^  +  i  or  |  —  J,  where  the  ^  is  the  absissa 
and  i  is  the  ordinate  of  an  equilateral  hyperbola.  I  may  men- 
tion that  since  the  paper  was  read  before  the  Institute,  I  have 
applied  this  theory  of  the  quadratic  equation  to  the  solution  of 
the  cubic  equation,  and  have  contributed  the  results  to  the  Tor- 
onto meeting  of  the  British  Association. 

Dr.  Kennelly  states  very  clearly  some  of  the  results  to  which 
the  investigation  in  the  paper  leads.  He  omits  by  inadvertence 
to  mention,  that  it  is  the  projection  on  the  vertical  axis  of  the 
motion  described,  which  represents  the  electrical  phenomenon. 
As  regards  the  scalar  fdl,  we  shall  see  that  there  must  be  such, 
if  we  investigate  the  proper  analytical  expression  for  a  hyperbolic 
complex  quantity.  Suppose  that  the  two  components  are  x  and 
y;  as  ^  is  at  right  angles  to  a?,  it  must  be  affected  by  the  vector 
|/iri  which  may  be  denoted  as  usual  by  i;   but  as  the  modulus 

is  V  n^  — y*  instead  of  V  x^  +  y^  it  may  be  reduced  to  the  lat- 
ter form  by  writing  it  i^  a?  ^  -j-  ( |/—  i  yf.  Hence  the  proper 
expression  for  the  hyperbolic  complex  quantity  is  a?  -|-  i  |/—  i  y, 
The  |/—  1  Jiere  introduced  is  evidently  scalar  in  nature,  in 
my  paper  on  the  "  Principles  of  Elliptic  and  Hyperbolic  Analy- 
sis," I  have  advanced  other  reasons  for  believing  m  it.  (p.  20). 

The  mistake  to  which  Dr.  Perrine  refers  is  very  apt  to  be 
made  by  one  who  does  not  perceive  that  a  vector  and  a  complex 
quantity  are  not  the  same  thing.  The  former  is  a  directed  line, 
the  latter  is  an  angle  associated  with  a  multiplier.  It  is  an  en- 
tire mistake  to  call  a  -|-  J^  a  vector;  its  geometrical  meaning  is, 
an  angle  associated  with  a  multiplier ;  and  the  product  of  two 
such  quantities  is  another  angle,  which  is  the  sum  of  the  given 
angles,  and  a  multiplier  which  is  the  product  of  the  given  multi- 
pliers. To  say  as  do  Dr.  Perrine  and  Mr.  Stein metz  that  this 
product  has  no  geometrical  meaning  is  an  entire  mistake.  When 
the  multipliers  are  reduced  to  unity,  the  product  expresses  the 
fundamental  theorem  of  circular  trigonometry.  Similarly  the 
product  of  two  hyperbolic  complex  quantities,  when  the  multi- 
pliers are  unity,  expresses  the  fundamental  theorem  of  hyperbolic 
trigonometrical  analysis.  Of  course  the  product  of  two  vectors 
is  an  entirely  different  matter. 


A  P**ptr  frtstHteM  a/  the  14th  General  Meeting  ^ 
the  American  Institute  0/  Electrical  Engf- 
nrers,  Eliot ^  Me.y  July  rjtk^  tScfj. 


THE    EFFECT    OF    HEAT    ON    INSULATING 

MATERIALS. 


BY  PUTNAM  A.  BATES  AND  WALTER  C,  BARNES. 

A  paper  on  this  subject  was  presented  before  the  American 
Institute  of  Electrical  Engineers  on  May  20, 1896,^  by  Messrs. 
Sever,  Monell  and  Perry.  In  the  discussion  which  followed,  the 
results  were  questioned  by  several  members,  and  Mr.  C.  F.  Scott 
cited  some  investigations  of  Mr.  Skinner,  who  obtained  curves 
which  differed  very  considerably  from  those  shown  in  the  paper.' 

This  left  the  subject  in  such  an  unsatisfactory  condition  that  it 
was  decided  to  make  further  tests  with  the  object  of  reconciling 
the  differences,  or  determining  what  the  real  facts  are. 

In  our  investigations,  more  attention  has  been  paid  to  the  ac- 
tions which  take  place  when  one  kind  of  material  is  subjected  to 
tests  while  the  conditions  are  varied,  rather  than  to  a  great  num- 
ber of  tests  on  different  materials,  under  the  same  conditions. 

In  fact,  it  has  been  deemed  wise  to  conduct  all  the  tests  on  one 
kind  of  material,  it  being  safe  to  conclude  from  results  previously 
obtained,  that  the  action  on  it  would  be  quite  similar  to  that  pro- 
duced on  other  samples.  Therefore,  the  ordinary  "  red  fibre"  in- 
sulating material  having  the  general  appearance  of  thick  red 
paper,  has  been  selected.     Its  thickness  is  about  .009  inch. 

The  Apparatus. 

This  consists  of  two  distinct  parts,  viz :  the  device  for  heating 
and  that  for  testing  the  insulation  resistance.  The  heating  appa- 
ratus consists  of  a  single  electric  heater,  having  a  radiating  surface 
of  47  square  inches.     This  is  nothing  more  than  six  resistance 

1.  Transactions,  vol.  xiii,  page  228. 

2.  Ihid,  page  287. 
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coils  tightly  packed  with  anhestos  in  a  short  8heet  iron  cylinder, 
whose  lower  end  is  open.  The  terminals  come  from  the  ends  of 
this  set  of  resistance  coik  throngh  the  hottom  of  the  heater,  and 
are  then  connected  through  a  suitable  switch  to  a  110-volt  circuit. 
This  heater  is  supported  on  three  porcelain  insulators,  which  reat 
on  a  slab  of  slate  iuie  and  one-half  inches  thick  and  one  foot  square. 
The  heater  takes  exactly  four  amperes  of  current  when  all  other 
resistance  is  cut  out  of  the  circuit. 

Around  the  heater  is  placed  an  earthenware  cylinder  one  foot 
high  and  nine  inches  in  diameter.  This  provides  an  excellent  method 
of  keeping  the  heat  in,  and  together  with  the  electric  heater  se- 
cures perfect  regulation  of  temperature.  The  terminals  of  this 
heating  circuit  are  brought  directly  down  and  out  fnmi  the  heater 
through  the  base  slab  of  slate  to  the  terminals  of  a  110-volt  light- 
ing circuit  and  are  thus  kept  entirely  separate  from  any  other 
part  of  the  testing  apparatus. 

Resting  on  an  asbestos  collar  and  at  a  height  of  about  2  inches 
above  the  heater,  in  the  earthenware  cylinder,  is  placed  a  cir- 
cular iron  plate  ^  inch  thick,  which  is  one  terminal  of  the  testing 
circuit  itself,  and  is  coimected  to  one  binding  post  of  a  Thomson 
high  resistance  galvanometer ;  a  standard  megohm  being  placed 
in  series  between  the  two. 

The  insulating  material  to  be  tested  is  wrapped  on  an  iron 
cylinder  3  inches  in  length  and  having  an  external  diameter  of 
.875  inch,  the  insulation  not  (juite  reaching  to  the  ends  of  the 
cylinder.  The  insulation  is  then  wound  with  No.  2i\  b  a  s  bare 
copper  wire.  This  winding  makes  the  other  terminal  of  the 
testing  circuit,  and  is  connected  to  the  other  post  of  the  galvanom- 
eter. The  iron]  cylinder,  upon  which  the  insulation  is  placed, 
is  then  placed  upright  on  the  above  mentioned  iron  plate.  Thus 
it  will  be  seen  that  the  insulating  material  now  separates  the 
copper  wire  whiding,  as  one  terminal,  from  the  iron  cylinder 
which  is  now  in  contact  with  the  iron  plate,  as  the  other  terminal. 
The  leading-in  connections  to  these  terminals  pass  through  small 
holes  bored  in  the  earthenware  cylinder.  Glass  insulators  are 
used  in  these  holes  in  order  to  prevent  any  current  from  creeping 
across  from  one  wire  to  the  other  over  the  surface  of  the  earthen- 
ware. Ileavy  covers  of  asbestos  board  are  placed  over  the  top  of 
the  earthenware  cylinder  and  this  again  is  entirely  covered  with 
a  large  glass  globe. 

The  potential  used  in  this  circuit  is  500  volt«.     A  suitable 
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simnt,  consisting  of  one  or  two  turns  of  bare  copper  wire  wonnd 
on  each  end  of  the  sample  of  insulation,  so  situated  that  they 
would  intercept  and  shunt  past  the  galvanometer  any  current 
tending  to  leak  along  the  surface  of  the  insulation  from  the  iron 
cylinder  to  the  winding,  that  is,  from  one  terminal  to  the  other, 
is  used  in  order  that  a  deflection  of  the  galvanometer  needle  will 
be  produced  only  when  a  current  actually  passes  through  the 
insulating  material  under  test. 

In  making  the  apparatus  we  have  been  very  particular  to 
eliminate  all  metals,  with  the  exception  of  iron  and  copper,  thus 
avoiding  any  possibility  of  the  volatilization  of  zinc,  which  was 
one  of  the  points  raised  in  regard  to  the  previous  tests.* 

This  apparatus  when  complete  works  admirably,  absolutely  no 
difficulty  being  experienced  with  either  the  heating  or  the  testing 
circuit. 

The  questions  that  we  have  attempted  to  answer  by  this  in- 
vestigation are  four  in  numl)er,  viz. : — 

1st.  Does  the  presence  of  brass  or  other  metals  from  which 
zinc  may  become  volatilized,  in  the  apparatus  in  which  the  test 
is  conducted,  affect  the  insulating  material  or  its  behavior^ 

2d.  Why  should  one  experimenter  obtain  an  insulation  resist- 
ance curve  for  fibre,  whose  minimum  point  is  at  about  the  same 
temperature  as  the  maximum  point  of  an  insulation  curve  ob- 
tained from  similar  material  by  another  experimenter^ 

3d.  What  effect  on  fibre  insulating  material  is  produced  when 
it  is  subjected  to  conditions  similar  to  those  likely  to  occur  in 
dvnamo-electric  macthinery  i 

4th.  What  is  the  action,  or  actions,  that  take  place  when  fibre 
insulating  material  is  repeatedly  heated  from  20  degrees  C.  to 
200  degrees  C.  i 

Question  No.  1  has  been  approached  in  the  following  manner : 
the  resistance  of  the  insulating  material  at  the  temperature  of 
the  air,  or  20*^  C,  being  determined,  the  temperature  is  gradually 
raised  until  200°  is  reached,  when  the  test  is  discontinued.  The 
time  taken  for  this-;  rise  was  exactly  2^  hours.  Resistance  measure- 
ments are  made  at  frequent  intervals,  and  from  these  curve  No.  1 
is  plotted.  The  area  of  insulation  tested  being  5.5  square  inches 
thickness  =  .0095  inch. 

The  position  and  shape  of  this  curve  agrees  very  closely  with 
the  results  obtained  by  Messrs.  Monell  and  Perry,  who  in  their 
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coils  tightly  packed  with  a8l)e8to6  in  a  short  sheet  iron  cylinder, 
whose  lower  end  is  open.  The  terminals  come  from  the  ends  of 
this  set  of  resistance  coils  through  the  bottom  of  the  heater,  and 
are  then  connected  througii  a  snitable  switch  to  a  llO-volt  circuit. 
This  heater  is  supported  on  three  porcelain  insulators,  which  rest 
on  a  slab  of  slate  one  and  one-half  inches  thick  and  one  foot  square. 
The  heater  takes  exactly  four  amperes  of  current  when  all  other 
resistance  is  cut  out  of  the  circuit. 

Around  the  heater  is  placed  an  earthenware  cylinder  one  foot 
high  and  nine  inches  in  diameter.  This  provides  an  excellent  method 
of  keeping  the  heat  in,  and  together  with  the  electric  heater  se- 
cures perfect  regulation  of  temperature.  The  terminals  of  this 
heating  circuit  are  brought  directly  down  and  out  from  the  heater 
through  the  base  slab  of  slate  to  the  terminals  of  a  llO-volt  light- 
ing circuit  and  are  thus  kept  entirely  separate  from  any  other 
part  of  the  testing  apparatus. 

Kesting  on  an  asbestos  collar  and  at  a  height  of  about  2  inches 
above  the  heater,  in  the  earthenware  cylinder,  is  placed  a  cir- 
cular iron  plate  ^  inch  thick,  which  is  one  terminal  of  the  testing 
circuit  itself,  and  is  connected  to  one  binding  post  of  a  Thomson 
high  resistance  galvanometer ;  a  standard  megohm  being  placed 
in  series  between  the  two. 

The  insulatuig  material  to  be  tested  is  wrapped  on  an  iron 
cylinder  3  inches  in  length  and  having  an  external  diameter  of 
.875  inch,  the  insulation  not  quite  reaching  to  the  ends  of  the 
cylinder.  The  insulation  is  then  wound  with  No.  20  b  &  s  bare 
copper  wire.  This  winding  makes  the  other  terminal  of  the 
testing  circuit,  and  is  connected  to  theother  post  of  the  galvanom- 
eter. The^  iron]  cylinder,  upon  which  the  insulation  is  placed, 
is  then  placed  upright  on  the  above  mentioned  iron  plate.  Thus 
it  will  be  seen  that  the  insulating  material  now  separates  the 
copper  wire  winding,  as  one  terminal,  from  the  iron  cylinder 
which  is  now  in  contact  with  the  iron  plate,  as  the  other  terminal. 
The  leading-in  connections  to  these  terminals  pass  through  small 
holes  bored  in  the  earthenware  cylinder.  Glass  insulators  are 
used  in  these  holes  in  order  to  prevent  any  current  from  creeping 
across  from  one  wire  to  the  other  over  the  surface  of  the  earthen- 
ware. Ileavy  covers  of  asbestos  board  are  placed  over  the  top  of 
the  earthenware  cylinder  and  this  again  is  entirely  covered  with 
a  large  glass  globe. 

The  potential  used  in  this  circuit  is  500  volts.     A  suitable 


1897.]     BA  Tt'S  AND  BARNES  ON  1N8VLA  TING  MA TBR/AL8.        355 

shunt,  consisting  of  one  or  two  turns  of  bare  copper  wire  wound 
on  each  end  of  the  sample  of  insulation,  so  situated  that  they 
would  intercept  and  shunt  past  the  galvanometer  any  current 
tending  to  leak  along  the  surface  of  the  insulation  from  the  iron 
cylinder  to  the  winding,  that  is,  from  one  terminal  to  the  other, 
is  used  in  order  that  a  deflection  of  the  galvanometer  needle  will 
be  produced  only  when  a  current  actually  passes  through  the 
insulating  material  under  test. 

In  making  the  apparatus  we  have  been  very  particular  to 
eliminate  all  metals,  with  the  exception  of  iron  and  copper,  thus 
avoiding  any  possibility  of  the  volatilization  of  zinc,  which  was 
one  of  the  points  raised  in  regard  to  the  previous  tests.^ 

This  apparatus  when  complete  works  admirably,  absolutely  no 
difficulty  being  experienced  with  either  the  heating  or  the  testing 
circuit. 

The  questions  that  we  have  attempted  to  answer  by  this  in- 
vestigation are  four  in  number,  viz. : — 

1st.  Does  the  presence  of  brass  or  other  metals  from  which 
zinc  may  become  volatilized,  in  the  apparatus  in  which  the  test 
is  conducted,  affect  the  insulating  material  or  its  behavior? 

2d.  Why  should  one  experimenter  obtain  an  insulation  resist- 
ance curve  for  fibre,  whose  minimum  point  is  at  about  the  same 
temperature  as  the  maximum  point  of  an  insulation  curve  ob- 
tained from  similar  material  by  another  experimenter^ 

3d.  What  effect  on  fibre  insulating  material  is  produced  when 
it  is  subjected  to  conditions  similar  to  those  likely  to  occur  in 
dynamo-electric  machinery  i 

4th.  What  is  the  action,  or  actions,  that  take  place  when  fibre 
insulating  material  is  repeatedly  heated  from  20  degrees  C.  to 
200  degrees  C.  < 

Question  No.  1  has  been  approached  in  the  following  manner : 
the  resistance  of  the  insulating  material  at  the  temperature  of 
the  air,  or  20^  C,  being  determined,  the  temperature  is  gradually 
raised  until  200°  is  reached,  when  the  test  is  discontinued.  The 
time  taken  for  thii^  rise  was  exactly  2^  hours.  Resistance  measure- 
ments are  made  at  frequent  intervals,  and  from  these  curve  No.  1 
is  plotted.  The  area  of  insulation  tested  being  5.5  square  inches 
thickness  =  .0095  inch. 

The  position  and  shape  of  this  curve  agrees  very  closely  with 
the  results  obtained  by  Messrs.  Monell  and  Perry,  who  in  their 

1.  Transactions,  Vol.  XIII,  page  288. 
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experiment  ueed  a  braas  cylinder,  but  a  confirmatory  test  with  a 
braes  cylinder  was  also  made  in  our  apparatus.  This  experiment, 
was  deferred  until  the  completion  of  all  other  experiments. 

Carve  No.  2  thna  obtained  from  a  like  eample  of  inenlating- 
material,  thickness  .0095  inch,  area  tested  =  4.6  square  inches^ 
showed  that  the  presence  of  brass  in  the  apparatus  does  not  affect 
the  shape  or  position  of  the  curve. 

In  taking  up  question  Ko.  2,  it  is  intended  to  prove,  by  com- 
parative tests,  that  the  position  of  the  maxima  and  minima  points 
of  the  resistance  curves,  depend  upon  the  opportunity  of  escape 
given  to  the  moisture  originally  contained  in  the  specimen. 
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Curve  Ko.  3  shows  the  results  from  a  test  on  a  sample  of  plain 
red  fibre,  thickness  .009  inch,  the  area  of  insulation  under  test 
being  2.2  square  inches.  In  this  ciise  five  layers  of  No.  26  b.  a  b. 
bare  copper  wire  were  wound  closely  upon  the  fibre,  the  length 
of  winding  being  only  .8  inches. 

Curve  No.  4  has  been  obtained  from  a  test  on  a  specimen  cut 
from  same  sample  wrapped  with  a  sheet  of  thin  malleable  iron 
held  firmly  in  place  by  a  number  of  layers  of  tightly  wound 
copper  wire,  thus  approaching  the  conditions  under  which  the 
experiments  cited  by  Mr,  Scott  were  made.  The  area  covered 
by  this  iron  wrapping  is  6.75  square  inches.    This  test  consisted 
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as  before  in  gradually  raising  the  temperature  from  that  of  the  air 
to  200°  C-,  the  resistance  being  measured  at  frequent  intervale. 
The  cnrve  obtained  under  the  above  conditions  is  almo8t  {dentical 
with  that  published  by  Mr.  Scott,' 
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It  la  clear  from  these  two  experiments  that  the  position  of  the 
curve  may  be  'shifted  at  pleasure  by  simply  varying  the  oppor- 

1.  Tb«msaction9,  Vol.  XIII,  page  33B. 
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tunity  for  tbe  escape  of  the  moisture  originally  contained  in  the 
insulating  material.  That  is  to  say :  if  we  wind  our  specimen 
with  wire  and  only  cover  a  small  area,  we  find  that  the  moisture 
has  a  much  better  chance  of  escape  than  if  completely  covered 
with  an  iron  wrapping  extending  over  a  large  area,  and  that  the 
curve  will  actually  take  a  position  depending  upon  the  rapidity 
of  escape  of  the  moisture.  In  the  cage  of  the  wire-wound  speci- 
men the  moisture  escaped  not  only  through  the  interstices  between 
the  wires,  but  also,  and  to  a  much  greater  degree,  from  the  ex- 
posed ends  which  it  reaches  through  the  pores  of  the  material ; 
while  with  the  iron-wrapped  specimen  the  only  chance  of  escape 
is  from  the  exposed  ends.  Therefore,  the  greater  the  area 
covered,  the  longer  will  be  the  path  traversed  by  the  moisture 
and  consequently  a  longer  time  or  higher  temperature  will  be 
required. 

Question  No.  8.  A  new  specimen  of  plain  red  fibre  .009  inch 
thick  was  wound  with  four  layers  of  No.  26  b  &  s  bare  copper 
wire,  the  area  covered  being  4  square  inches,  and  then  subjected 
to  the  variations  in  temperature  and  exposure  to  moisture  which 
are  most  likely  to  take  place  in  dynamo  electric  machinery. 

Insulating  material  when  used  in  this  way  is  subjected  to  re- 
peated heating  and  cooling,  being  kept  at  a  moderately  high 
temperature  for  varying  lengths  of  time,  also  being  exposed  more 
or  less  to  the  moisture  in  the  air.  Therefore,  the  following  eight 
tests  have  been  made  under  conditions  approximating  the  above 
and  upon  the  above  described  specimen. 

In  all  of  these  tests  the  temperature  is  gradually  raised  from 
that  of  the  air,  20"^  C,  to  80°  C,  at  which  temperature  it  is  kept 
constant  for  3^  hours.  The  time  taken  to  raise  the  temperature 
this  amount  is  about  45  minutes. 

Curve  No.  5  has  been  obtained  from  the  first  heating.  The 
specimen  was  then  allowed  to  stand  unexposed  to  moisture  for 
16  hours,  at  the  end  of  which  time  a  like  test  is  made,  giving 
curve  No.  6.  After  a  lapse  of  24  hours,  during  which  time  the 
specimen  was  exposed  to  the  atmosphere,  which  was  very  damp, 
the  temperature  is  again  gradually  raised  and  kept  constant  as 
before,  curve  No.  7  resulting. 

It  will  be  seen  by  examination  of  these  curves  that  the  specimen 
after  exposure  to  moisture  returns  to  its  original  condition.  The 
method  of  exposing  the  specimen  to  moisture  is  to  remove  the 
glass  globe  from  the  apparatus  and  the  asbestos  covers  from  the  to|) 
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of  the  earthenware  cylinder,  the  specimen  itself  being  undisturbed. 
Three  days,  (72  hours)  having  elapsed,  the  specimen  being  un- 
disturbed and  unexposed  to  the  atmosphere,  is  subjected  to  further 
test,  giving  curve  Ko.  8. 

Great  care  is  now  taken  to  protect  the  specimen  from  all  moi.s- 
ture  for  16  hours ;  at  the  end  of  which  time,  upon  again  testing, 
curve  No.  9  is  obtained.  The  test  consisted,  as  before,  in  raising 
the  temperature  to  80°  C,  where  it  was  kept  constant  for  three 
and  one-half  hours. 

All  covering  is  now  removed  and  the  specimen  allowed  to  cool 
to  23.3°  C,  the  tfme  occupied  being  three  and  three-quarter  hours. 
Curve  No.  10  is  then  obtained  upon  reheating. 

Again  great  care  is  taken  to  protect  the  specimen  from  disturb- 
ance and  all  moisture  for  nineteen  hours.  On  being  again  sub- 
jected to  test,  curve  No.  1 1  results. 

Now  the  specimen  is  allowed  to  stand  for  exactly  five  days 
freely  exposed  to  the  moisture  of  the  atmosphere,  it  being  situ- 
ated in  a  room  near  a  window  which  is  left  open  a  considerable 
portion  of  the  time,  thus  subjecting  the  specimen  to  conditions  of 
atmosphere  similar  to  those  occurring  in  a  station  or  factory. 

The  weather  during  the  live  days  was  unusually  damj).  A 
number  of  severe  rain  storms  occurred,  thus  giving  the  specimen 
an  extremely  good  opportunity  to  absorb  moisture.  At  the  end 
of  this  time  a  test  was  made,  from  which  curve  No.  12  was  de- 
rived. 

The  object  of  this  test  is  to  see  if,  after  exposure  to  moisture, 
the  material  will  return  to  its  original  condition.  By  a  glance  at 
the  curve  thus  obtained  it  will  be  seen  that  this  actually  takes 
place. 

Let  us  now  compare  the  eight  curves.  Curve  5  represents  the 
original  resistance  variation  of  the  material.  Curve  6  shows  the 
increased  initial  resistance  on  cooling,  the  specimen  having  been 
protected  from  moisture  in  the  meantime.  Curve  7  allows  the 
return  to  the  original  condition  on  absorption  of  moisture.  Curve 
8  the  higher  value  of  the  resistance  curve  when  the  specimen  has 
been  kept  at  80°  C.  for  three  and  one-half  hours  and  then  allowed 
to  cool,  but  not  exposed  to  moisture.  Curve  9  shows  that  the 
heating  up  to  80°  C.  has  practically  no  effect  on  the  resistance 
after  the  moisture  has  been  driven  out  and  not  allowed  to  return. 
Curve  10  shows  the  condition  into  which  the  specimen  was  tlirown 
when  cooled  while  exposed  to  the  atmosphere.     Curve  11  indi- 
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cates  that  the  moiBturc  had  agftin  been  practically  all  expelled  and 
therefore,  the  heat  produced  no  chan^  in  the  resistance.  Cnrve 
12  shows  that  the  specimen  having  been  freely  exposed  to  mois- 
ture has  returned  to  almost  its  original  condition.     In  all  these 
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tests  the  resistance  remained  constant  during  the  entire  time  that 
the  tempemtnre  was  kept  constant.  On  examination,  the  speci- 
men was  found  to  be  practically  unchanged  hi  ap}>earance^ 
mechanical  strength  or  other  quaUties.  One  might,  therefore 
conclude,  on  inspection  of  the  various  curves  in  connection  witli 
these  experiments,  that  the  action  which  takes  place  in  a  libre  in- 
sulating material  when  heated  up  to  about  80°  C,  merely  depends 
upon  the  amount  of  moisture  contained  in  the  material  at  the  time 
at  which  each  measurement  is  made. 

Question  No.  4  may  be  answered  by  reference  to  the  curves 
obtained  from  the  three  tests  on  one  piece  of  insulating  material 
wound  with  four  layers  of  No.  26  b.  a  s.  bare  copper  wire.  Area 
of  insulation  under  test  was  4.125  square  inches,  and  the  thickness 
was  .009  inch. 

Curve  13  is  the  resistance  curve  for  the  first  heating  from  20^ 
C.  to  200°  C. 

The  descending  portion  of  the  curve  between  23°  C.  and  40^ 
C.  is  probably  due  to  the  coalescing  of  the  moisture  within  the 
material ;  that  portion  between  40°  C.  and  80°  ('.  show8  the  rise 
in  resistance  due  to  the  expulsion  of  the  moisture  and  tlie  re- 
mainder the  negative  resistance  coefficient  which  insulatois  usually 
possess. 

This  test  being  completed,  the  specimen  was  allowed  to  stand 
undisturbed  and  protected  from  moisture  for  twenty-four  hours. 
Upon  reheating.  Curve  14  was  then  obtained.  This  shows  the 
rapid  drop  from  the  enormous  resistance  acquired  by  the  material 
on  cooling  from  the  previous  test. 

While  the  specimen  was  cooling  from  the  heat  applied  in  test 
14,  frequent  measurements  were  made,  resulting  in  curve  (14a), 
which  shows  the  rise  to  a  still  higher  resistance  than  before.  At 
100°  C,  the  resistance  was  too  great  to  be  measured  by  the  appa- 
ratus at  hand. 

Now  the  specimen  was  allowed  to  stand  undisturbed  for  thirty- 
six  hours,  during  which  time  the  air  in  the  apparatus  was  kept 
moist.  Curve  15  was  then  obtained  on  repetition  of  the  test, 
showing  that  the  material  when  repeatedly  heated  to  20C  C. 
still  retains  its  property  of  absorbing  moisture,  and  the  effect  upon 
its  insulation  resistance  is  not  as  great  as  would  be  expected.  But 
it  should  be  noted  that  this  high  temperature  of  200°  C  greatly 
injures  the  mechanical  strength  of  the  insulating  material. 

From  the  foregoing  we  may  derive  the  following  general  coii- 
clusions : 
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a.  The  presence  of  brass  in  the  apparatus  does  not  affect  the 
shape  and  position  of  the  curve. 

h.  The  difference  in  the  curves  depends  solely  upon  the  amount 
of  moisture  contained  in  the  material  and  its  opportunity  of  escape. 

c.  Every  time  the  specimen  cools,  the  resistance  increases  to  a 
value  much  above  any  resistance  that  it  possessed  before,  pro- 
vided it  is  kept  from  absorbing  moisture. 

It  is  impossible  to  determine  the  limit  of  this  action  with  the 
present  apparatus.  But  all  the  curves,  particularly  Nos.  5  to  13, 
clearly  show  this  stepping  up  effect,  which  is  practically  the  same 
as  the  well  known  result  obtained  by  baking  insulating  materials. 
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Discussion. 

The  President: — This  paper,  as. stated  in  the  introduction,  is 
the  result  of  work  taken  up  in  order  to  reconcile  the  extreme 
differences  that  were  pointed  out  by  Mr.  C.  F.  Scott  when  the 
paper  by  Messrs.  Sever,  Monell  and  Perry  was  read  at  the  last 
General  Meeting,  May  20th,  1 896.  It  seemed  to  me  that  leaving  on 
the  records  of  tne  Institute  a  practical  and  important  matter  of 
this  kind  with  such  great  differences  of  opinion  was  extremely 
undesirable,  and  therefore  the  attempt  was  made  to  ascertain  the 
true  facts.  Mr.  Scott  made  the  statement  that  experiments  with 
which  he  was  familiar,  obtained  the  minimum  resistance  exactly 
where  the  other  investigators  had  obtained  the  maximum  value. 
That  discrepancy  is  entirely  explained  in  the  way  that  I  sug- 
gested in  the  discussion  of  the  paper  at  the  time,  by  the  curve 
siiown  in  Fig.  2,  when  you  will  note  that  the  maximum  in  curve 
No.  4  is  about  85°  C,  and  the  minimum  in  curve  No.  3  is  at 
80°  C.  That  difference  is  entirely  due  to  the  fact  that  in  one 
case,  curve  No.  3,  the  material  was  wound  with  copper  ^^^re,  the 
interstices  between  the  turns  allowing  moisture  to  escape 
somewhat  freely.  In  the  other  case  where  the  maximum  as  well 
as  minimum  points  were  shifted  to  the  right,  the  insulating  ma- 
terial was  wound  with  sheet  iron,  and  a  much  longer  cylinder  of 
insulating  material  was  tested  ;  consequently  the  opportunity  for 
escape  of  moisture  was  much  less,  and  the  result  was  obtained 
just  as  expected.  But  the  fact  that  the  maximum  and  minimum 
points  can  be  shifted  to  the  right  or  to  the  left  in  this  way  is 
absolutely  proved  and  is,  I  think,  a  matter  of  some  ]>ractical  im- 

?ortance.  Furthermore,  it  is  also  shown  in  the  curve  given  in 
•"ig.  3,  that  the  behavior  of  this  insulating  material  between  20° 
and  80°  C.  is  simply  dependent  upon  the  moisture  that  it  con- 
tained, and  that  after  dnving  off  that  moisture  and  allowing  it  to 
return,  the  material  regains  exactly  the  same  condition  as  l)efore. 
Therefore  we  can  control  entirely  between  those  limits  the  posi- 
tion of  the  curve  by  the  amount  of  moisture  that  we  allow  to 
enter  the  material  after  having  driven  it  out.  Those  two  points 
I  think,  are  of  interest  and  importance.  The  curve  shown  in  Fig. 
4  represents  the  effect  produced  by  much  higher  heating  up  to 
200°  C,  and  while  very  high  resistances  are  obtained,  running 
into  the  hundreds  of  thousands  of  megohms  per  square  inch,  it 
should  be  remembered,  as  pointed  out  in  the  paper,  that  the 
mechanical  strength  of  the  insulating  material  is  very  much 
affected,  and  that  while  we  get  what  might  be  called  labomtory 
results  of  high  resistance,  the  material  is  not  in  a  condition  which 
would  make  it  at  all  suitable  for  use  in  practical  electrical  ma- 
chinery;  but  up  to  80°  C,  which  is  the  ordinary  limit,  appar- 
ently, no  permanent  effect  is  produced.  It  is  simply  a  question  of 
how  much  moisture  is  allowed  to  ent^r  and  how  much  to  escape. 
The  exact  limits  at  which  material  becomes  permanently  injured 
is  not  an  electrical  question  ;  it  is  a  mechanical  one  ;  because  the 
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insulation  resistance  is  very  lii^li  even  after  the  material  is  badly 
aflfected ;  hence,  it  is  rather  difficult  to  set  a  limit.  Probably 
some  test  as  to  the  strength  of  material,  its  tensile  strength  for 
example,  would  be  the  best  way  to  determine  that  point, — or  its 
resistance  to  mechanical  puncturinsr  or  possibly  electric  punctur- 
ing. That  however  has  not  been  done.  But  the  question  of  the 
effect  of  temperature  upon  insulating  material  is  one  of  vital 
importance  in  electrical  engineering,  because  our  most  serious 
<lifliculties  arise  from  the  breaking  down  of  insulation,  very  often 
due  to  excessive  temperature. 

The  paper  is  open  for  discussion. 

Dr.  r krrine  : — Both  at  the  time  the  earlier  paper  was  read 
and  at  the  time  I  first  saw  this  paper  it  was  a  matter  of  great 
surprise  to  me  that  there  should  not  have  been  more  knowledge 
of  these  facte  disclosed  by  the  electrical  engineers,  particularly 
as  I  knew  that  there  were  so  many  men  in  the  body  who  were 
familiar  with  work  in  paper  cables  and  similar  experiments 
where  the  investigation  of  moisture  in  insulation  was  made  nec- 
essary. What  this  paper  proves,  and  what  should  be  more  or  less 
a  foregone  conclusion,  is  that  if  you  have  moisture  in  the  insula- 
tion the  temperature  co-efficient  is  a  co-efficient  largely  of  the 
moisture  itself,  and  furthermore,  that  the  amount  of  moisture 
determines  the  specific  insulating  resistance  of  the  material. 
Again  we  know  that  these  materials,  such  a&  fibre  and  paper,  re- 
tain in  comparatively  dry  air,  a  large  amount  of  moisture.  In 
ilrying  paper  insulated  cables,  taking  a  100  pair  cable  wrapped 
to  128/ln()()ths.  of  an  inch  of  paper,  and  using  No.  18  wire; 
more  than  four  per  cent,  of  the  weight  of  the  combined  paper 
and  cr)pper  is  in  the  moisture  w^hich  may  be  driven  off  by  proper 
drying,  and  in  the  paper  itself,  from  15  to  20  percent  is  mois- 
ture, in  the  driest  air  you  can  find.  Last  year  I  had  some  ex- 
periments tried  in  summer  in  California,  where  the  air  is  drier 
than  we  almost  ever  see  it  here,  and  wood  that  was  thoroughly 
dry  would  in  two  days  absorb  from  13  to  lo  ])er  cent,  or  its 
weight  in  moisture.  This  being  true  it  is  not  by  any  means 
surprising  that  the  temperature  co-efficient  of  any  material  would 
largely  depend  upon  the  moisture  contained  in  it.  Compressed 
pa])er  and  fibre  liold  less  moisture  than  wood  or  the  ordinary 
manila  paper  used  in  wrapping  cixbles.  But  at  the  same  time  all 
of  us  who  have  been  through  the  harassing  experiments  in  mak- 
ing comnmtators  with  fibre  which  was  the  practice  ten  years  ago, 
know  that  the  best  of  the  compressed  paper  and  the  best  of  the 
fibre  that  we  can  obtain,  contains  enough  moisture  for  it  to 
change  in  its  dimensions  after  being  dried  out.  Not  less  than 
five  per  cent,  of  the  weight  of  the  best  com|)ressed  paper  made 
to-day  is  water  in  dry  air.  It  does  not  need  exposure  to  moist 
air.  But  air  as  dry  as  this  or  drier  will  enable  the  best  quality  of 
compressed  paper  to  hold  at  least  five  per  cent,  of  its  weight  in 
moisture.     Now  this  being  so,  as  I  say,  it  is  not  at  all  surprising 
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that  we  should  find  the  temperature  co-efficient  of  the  insulating 
material,  under  such  conditions,  is  a  matter  of  the  amount  of 
moisture  in  it,  and  it  is  surprising  to  me  that  experiments  should 
have  been  made  within  the  last  five  years  on  insulating  materials 
which  intended  to  give  the  temperature  co-efficients  of  the  insu- 
lating materials  themselves,  and  no  eifort  made  to  remove  the 
moisture  before  the  test  were  commenced.  The  matter  of  re- 
moval of  moisture  is  also  a  difficult  matter.  The  curves  on  page 
269  show  that.  (>>u  repeated  heating  the  resistance  rises  and 
rises,  and  every  time  you  heat  it,  even  keeping  the  specimen  in 
what  you  call  dry  air  of  the  receptacle  in  the  laboratory — not 
simply  exposing  it  to  the  dry  air  of  the  laboratory,  but  keeping 
it  as  nearly  dry  as  possible,  and  by  repeated  heating  you  will 
drive  off  a  little  more  moisture  each  time  you  bring  the  tempera- 
ture up,  and  in  consequence  the  insulation  resistance  will  rise,, 
finally  approaching  a  maximum.  Again,  we  know  from  our  ex- 
periments in  paper  cable  working  that  it  is  not  necessary  to  de- 
stroy the  mechanical  properties  of  the  insulation  in  drying  it  out; 
for  it  is  not  necessary  to  dry  paper  or  fibre  or  anything  else  above 
100^  C,  or  even  as  high  as  lOu"^  C,  if  we  dry  by  means  of  per- 
fectly dry  air  in  a  desiccator;  and  that  is  the  only  means  by 
which  the  moisture  can  be  eliminated  with  any  degree  of  com- 
pleteness at  all.  The  attempt  to  drive  off  moisture  by  heating,  is 
a  question  of  the  humidity  of  the  atmosphere  with  which  your 
specimen  is  surrounded.  In  the  ordinary  baking  ovens  of  the 
electric  factories — at  any  rate  as  they  were  made  ten  years  ago, 
when  they  were  simply  baking  ovens— we  found,  that  in  the  culd 
dry  weather  of  the  winter-time  we  could  dry  out  armatures  in 
24  hours,  more  completely  than  we  could  dry  them  out  in  a 
week  in  the  suuimer  time,  when  the  atmosphere  was  moist,  and 
although  the  same  difference  of  temperature  between  the  outside 
and  inside  air  was  obtained.  It  is  simply  a  fact  that  the  air  has 
a  certain  capacity  for  absorbing  moisture,  and  so  has  the  insulat- 
ing material  a  capacity  for  holding  it,  and  the  miestion  of  desic- 
cation depends  upon  the  relative  amounts  of  moisture  held  by  the 
insulating  material  and  by  the  air.  If  your  air  at  a  certain  tem- 
perature is  saturated,  the  air  will  not  dry  out  the  insulating 
material.  If  you  raise  the  temperature  of  the  air  and  the  air  has 
been  previously  saturated,  you  then  increase  the  capacity  for 
moisture  of  the  air  slightly,  but  you  cannot  thoroughly  dry  out  an 
insulating  material,  unless  you  pass  over  it  air  which  has  pre- 
viously been  thoroughly  dry,  and  when  you  do  this  there  is  no 
necessity  to  raise  the  temperature  of  the  insulating  material  so  as 
to  destroy  its  mechanical  quality.  Indeed  in  the  cold,  we  may 
thoroughly  dry  out  an  insulating  material  by  the  use  of  a  desic- 
cating material  if  we  give  it  time  enough.  The  application  of 
heat  simply  hastens  the  time  of  removal  of  the  moisture,  and  in 
consequence  the  application  of  a  certain  amount  of  heat  is  ad- 
visable, but   it    is  not  by  any  means  necessary.     The    moisture 
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within  the  insulating  material  and  in  the  air  is  in  a  constant  state 
of  interchange,  just  as  there  is  an  interchange  with  a  glass  of 
water  standing  in  the  air.  As  we  have  a  certain  yapor  density, 
that  vapor  density  is  not  changed  by  the  fact  that  moisture  is 
absorbed  in  the  interstices  of  the  insulating  material,  and  if  the 
moistare  goes  out  and  is  absorbed  by  some  desiccating  material, 
then  we  have  a  vapor  vacuum  for  the  remainder  of  the  moisture, 
and  more  will  be  given  off  until  finally  our  insulating  material 
becomes  dry,  and  tnat  without  producing  any  mechanical  injury 
whatever.  There  is  nothing  new,  as  1  say,  about  these  facts  I 
am  giving  you.  This  has  been  the  experience  with  all  paper 
cables  made  during  the  past  ten  years.  Any  cable  manufacturer 
knows  that  it  is  perfectly  easy  to  talk  from  one  wire  to  another 
in  a  paper  cable  as  soon  as  it  has  been  laid  together  in  the  factory 
l)efore  it  has  been  dried  out.  With  a  telephone  it  is  sometimes 
difficult  on  a  thousand  feet  of  cable  to  distinguish  between  wires. 
This  is  simply  on  account  of  the  presence  of  moisture  in  the 
insulating  material,  and  that  difficulty  is  entirely  removed,  and  we 
begin  to  get  insulation  only  after  the  moisture  has  been  removed. 

So  far  as  the  temperature  co-efficient  is  concerned,  moisture 
being  present  as  shown  here,  it  is  not  a  temperature  co-eificient 
of  the  insulating  material  at  all.  This  paper  simply  confirms  our 
knowledge  of  the  fact  that  compressed  paper  and  fibre  absorb 
moisture  readily,  and  are  unreliable  as  insulating  material — a 
knowledge  which  has  altered  the  construction  of  most  of  our 
electrical  machinery,  for  where  great  reliability  was  necessary, 
compressed  paper  and  fibre  have  been  entirely  removed,  and  not 
within  at  least  five  years,  perhaps,  have  these  materials  been  used 
where  reliability  was  considered  necessary,  and  that  simply  be- 
cause the  presence  of  moisture  in  tlie  material  has  been,  under- 
stood as  the  reason  that  compressed  paper  was  not  a  reliable 
insulating  material. 

The  Pkesidbnt  : — Of  course  it  has  been  known  for  many  years 
that  the  effect  of  moisture  on  insulating  materials  was  deleterious, 
and  furthenuore,  that  all  such  materials  as  paper,  cotton  etc , 
contained  a  great  deal  of  moisture,  and  that  tney  would  al)sorb  it 
from  the  air  and  retain  it,  and  even  though  the  air  was  what  we 
commonly  call  drj^  they  still  contained  a  large  percentage  of 
moisture.  That  general  fact  is  common  knowledge  ;  but  it  was 
not  known  generally  that  the  effect  between  20®  and  80°  C.  was 
due  to  nothing  but  moisture ;  that  there  was  practically  no  tem- 
perature coefficient.  Furthermore,  a  year  ago,  at  the  meeting  of 
the  Institdte,  no  one  was  able  to  explain  tne  extraordinary  dis- 
crepancy between  the  results  given  in  the  paper  then  presented, 
ana  the  results  cited  by  Mr.  8cott.  The  experience  with  paper 
cables  which  Dr.  I'errine  has  had,  makes  him  especially  familar 
with  this  subject,  but  all  of  us  have  not  had  that  experience. 
Furthermore,  1  would  suggest  that  it  would  have  been  desirable 
if  Dr.  Perrine  at  some  time  had  presented  a  paper  to  the  Insti- 
rrTK  on  this  subject. 
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Dr.  Perrine: — I  am  very  sorry  that  I  did  not  The  only 
reason  I  had  for  not  doing  so  was  because  I  thought  it  was  com- 
mon physical  knowledge.  Open  any  text-book  and  you  will  find 
it  stated  there  that  wood  and  paper  will  hold  in  dry  air  from  15 
to  25  per  cent,  of  moisture,  and  it  seems  to  me  when  one-sixth  at 
least  of  the  insulating  material  is  water,  we  would  naturally  look 
to  water  as  giving  us  our  temperature  co-etticient,  and  it  did  not 
occur  to  me  at  the  time  I  was  working  at  the  thing  that  there 
was  anything  new  about  it  at  all,  because  ygu  will  not  find  a 
book  on  fuels  tliat  does  not  give  you  that  information. 

The  President: —That  is  a  general  qualitative  fact,  Dr.  Per- 
rine. I  am  talking  about  the  specific  curves  that  are  obtained  for 
insulating  materials,  and  as  I  say,  a  nieeting  of  the  Institute  at 
which  many  prominent  members  were  present,  including  those 
particularly  engaged  in  this  line  of  work  was  unable  to  solve  the 
problem.     That  is  a  matter  of  record. 

Dr.  Perrine: — I  will  tell  you  where  I  think  you  will  find  this 
thing — not  exactly  in  curves,  but  you  will  find  statements  of  the 
fact.  In  18H2  tlrere  was  a  conference  called  in  relation  to  the 
possible  laying  of  an  Atlantic  cable,  where  insulating  materials 
were  discussed,  and  this  question  of  moisture  in  its  value  of 
<;hanging  the  insulating  material  and  the  temperature  co-etRcient 
in  insulating  materials  was  pointed  out  in  connection  with  some 
of  the  points  then  presenteu  before  the  telegraph  conference.  It 
is  printed  in  one  of  the  English  blue  books,  and  1  think  you  will 
find  most  of  this  material  there. 

The  President  : — The  general  fact  is  one  thing,  as  I  say,  and 
the  specific  curves  another.  Dr.  Perrine  is  continually  stating 
that  it  is  a  matter  of  common  knowledge.  Ever  since  dynamos 
have  been  used  they  have  been  provided  with  water-proo^  covers 
for  the  reason  that  tlie  actual  dripping  of  water  upon  them  is 
most  objectionable.  But  that  is  not  exact  physical  knowledge, 
and  I  simply  refer  to  the  Transactions  of  last  year  for  proof  of 
the  fact  tliat  a  largely  attended  meeting  of  the  Institute  could 
not  explain  the  discrepancy  there  brought  out. 

Prof.  Thomson  : — I  think  there  is  no  question  that  as  a  qualita- 
tive fact  it  has  been  known  that  the  presence  of  moisture  is  to  be 
avoided  in  insulating  material,  and  also  the  fact  that  cellulose  if 
sufficiently  heated  becomes  a  dielectric,  and  will  remain  charged 
-^the  old  experiments  with  rubbed  paper  prove  that ;  still  I  think 
that  the  paper  has  brought  out  and  put  in  a  precise  8hai)e  just 
how  variations  of  insulation  have  occurred.  Whether  these 
matters  have  been  fully  investigated  or  not,  and  published  in 
other  papei-8  I  am  not  aware.  I  nave  not  come  across  any  curves 
of  this  kind.  There  are.  however,  other  facts  in  connection  with 
cellulose  as  an  insulator,  which  I  think  have  made  it  less  desira- 
able  tlian  other  materials.  It  is  a  substance  which  is  n(»t  by  any 
means  stable  at  high  temperatures;  even  a  temperature  beldw 
lOO^   C,  nins  it  down  or  carbonizes  it   slightly,  so  that  finally 
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it  becomes  an  entirely  different  chemical  substance.  Some  ex- 
periments were  made  several  years  ago,  I  think  as  much  as  ten 
years  ago  for  tliat  matter,  in  the  Thomson-Houston  factory.  We 
subjected  cotton  covered  wire  to  varying  temperatures  lor  long 
periods  of  time,  and  found  that  even  at  lOU'^  0 ,  there  was  a 
gradual  deterioration  and  that  at  any  point  much  above  100  it 
was  pretty  rapid.  The  cotton  turned  brown  and  showed  every 
evidence  of  a  i>ermanent  loss  of  water  and  an  increase  of  carbon 
relatively  to  the  hydrogen  and  oxygen.  We  all  know  as  a  fact 
that  browning  and  deterioration  actually  occurs  at  ordinary  tem- 
peratures through  very  long  periods  of  time.  We  see  the  old 
books  in  the  libraries  turn  brown  from  the  same  cause.  The  sub- 
stance cellulose,  in  other  words  is  not  stable,  and  a  high  tempera- 
ture simply  brings  out  the  instability  or  makes  thp  time  required 
to  change  the  substance  less. 

Prof.  William  Esty  : — ^^I  enjoyed  hearing  the  discussion  of  the 

faper  and  the  paper  itself,  and  would  just  like  so  say  that  at  the 
Iniversity  of  Illinois,  two  of  our  seniors  last  year  made  very 
similar  experiments  on  different  materials,  giving  results  that 
agree  substantially  with  those  published  in  these  Transactions. 
nfliere  was  one  point  of  difference  in  our  experiments,  and  that 
was  in  the  method  used  to  heat  the  materials.  Here  it  was  an 
electrical  method,  using  a  number  of  resistance  coils,  whereas  we 
used  a  cast-iron  cylindrical  vessel  in  which  the  material,  in  the 
form  of  a  circular  disk,  was  placed  between  two  iron  plates.  Then 
a  sort  of  cylinder-head  top  was  screwed  on  to  this  flat  vessel  and 
the  whole  immereed  in  boiling  oil  or  heated  oil  I  should  say. 
The  temperature  at  starting,  of  course,  was  about  that  of  the 
room,  the  cylinder  oil  being  heated  slightly  by  means  of  two  or 
three  gas  jets — Buusen  burners — and  the  temperature  could  be 
increased  quite  regularly,  although  it  was  a  rather  slow  process, 
till  100  or  more  degrees  centigrade  was  reached.  It  took  a  good 
deal  of  time  of  course  to  get  the  temperature  where  it  was  de- 
sired, but  the  method,  as  I  say,  was  quite  satisfactory. 

There  is  one  other  point  I  wanted  to  find  out  about  in  this 
paper,  and  that  was  the  source  of  electromotive  force.  It  was 
stated  I  think  at  500  volts, — but  not  the  source  of  e.  m.  f. — on 
page  254.     1  would  like  to  ask  Mr.  Bates  what  was  used. 

Mr.  Bates: — A  motor  dynamo  was  used  to  transform  the 
potential  from  110  to  500.- 

Pkof.  Esty  : — We  found  on  trying  a  500-volt  dynamo  that  the 
galvanometer  gave  quite  unsteady  readings.  The  circuit  acted  as 
though  it  had  electrostatic  capacity,  as  doubtless  it  had.  We  had 
a  sort  of  condenser  effect,  with  those  two  plates,  upper  and  lower, 
with  the  insulating  material  between  them  as  a  dielectric,  and  we 
found  that  the  unsteadiness  in  running  the  dynamo  made  it  abso- 
lutely impossible  to  get  any  reliable  results.  The  galvanometer 
needle  if  once  started  to  the  right  would  continue  to  the  right, 
but  by  getting  it  once  started  to  the  left  it  would  ^o  \ic>  >Jc\fc\fc\\.\ 
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80  that  what  we  finally  adopted  was  a  storage  battery,  one  that  we 
made— of  small  cells  and  a  good  many  of  them.  We  got  up  to  600 
Tolts,  which  was  quite  satisfactory,  and  all  disturbances  of  the 
galvanometer  were  eliminated.  Another  thing  we  found  that 
required  a  great  deal  of  attention,  and  of  course  that  goes  without 
saying,  that  the  insulation  of  all  the  apparatus — ^glnss  insulation — 
could  not  be  depended  upon  in  the  ordinary  way.  But  all  the 
circuits  having  been  made  air  lines  and  everything  arranged  with 
the  utmost  precaution  to  avoid  leakage  anywhere,  the  results  we 
obtained  on  a  number  of  substance?,  linen  and  fibre  and  the  ordi- 
nary insulating  materials,  were  substantially  the  same  results  as 
shown  in  this  paper;  that  is  tlie  effect  of  mo'sture,  and  again  the 
effect  of  pressure  between  the  two  plates,  between  which  the  ma- 
terial was  plaoed,  made  a  great  deal  of  difference,  of  course.  The 
wav  we  tried  to  reduce  the  results  to  a  uniform  basis  was  to  take 
a  five  pound  lead  weight,  place  it  on  the  upper  pl»te  and  use  the 
same  weight  throughout  all  the  experiments.  That  eliminated 
any  possible  uncertainty  as  to  the  pressure  which  would  be  intro- 
duced by  wrapping  the  material  on  to  a  cylinder  by  means  of  a  * 
wire,  unless  that  wrappiiig  produced  just  the  same  pressure  in  every 
case,  otherwise  it  would  hardly  be  correct,  it  seems  to  me,  to  draw 
conclusions  from  these  different  conditions;  but  this  uniform 
weight  enabled  us  to  say  practically  that  all  material  was  subject 
to  exactly  the  same  pressure.  It  is  needless  to  say  that  by  adding 
to  the  pressure  we  found  the  insulation  resistance  would  drop 
very  quickly,  and  removing  the  weight,  of  course,  brought  up  the 
insulation  resistance. 

There  is  just  one  other  point  that  I  wanted  to  speak  of,  and  that 
was  what  seemed  to  me  desirable  in  the  reduction  of  these  results, 
viz.  insulation  resistance  per  square  inch.  I  think  this  is  the  first 
time  I  have  seen  that  reduction  to  unit  of  area,  but  should  think 
that  the  addition  of  the  thickness  to  that  unit  might  be  desirable. 
For  instance,  I  would  plot  megohms  per  square  inch  per  mil 
thickness,  and  then  we  could  compare  all  our  results  and  perhaps 
get  conclusions  more  readily  than  where  these  units  differ.  I  think 
in  the  former  paper  that  is  referred  to  here,  the  one  by  Messrs. 
Sever,  Perry  and  Monell,  that  no  reduction  whatever  to  a  unit 
was  given — but  simply  megohms,  and  here  megohms  per  square 
inch.  In  the  results  that  we  got  last  year  at  the  University  of 
Illinois  we  reduced  to  megohms  per  square  inch  per  mil  of  thick- 
ness. 

Mr.  Steinmetz  : — With  reference  to  the  instability  of  the  gal- 
vanometer dynamometer  observed  by  the  last  speaker,  I  observed 
the  same  phenomenon  some  years  ago  and  found  the  source  of  it 
in  the  mutual  induction  between  the  two  coils  of  the  instrument 
which,  with  a  leading  current  load  as  a  condenser,  produced  an 
unstable  equilibrium.  Now  coming  to  the  paper — this  paper  is 
very  interesting  and  valuable  in-so-far  as  it  extends  the  amount  of 
information  on  insulating  material  available  to  the  electrical  fra- 


1S»7.]  DISCUSSION  AT  ELIOT,  MR,  271 

ternity  by  publicarion.  There  are  three  distinctly  different  phe- 
nomena taking  place  in  the  insulating  material.  The  one  is  the 
changing  of  resistance  of  the  insulating  material  proper,  with 
temperature  ;  the  second  is  the  effect  of  the  moisture  retained  by 
the  insulating  material,  and  the  third  is  the  chemical  disintegra- 
tion taking  place.  I  may  say  that  the  separation  of  these  three 
phenomena  would  be  very  desirable.  It  would  be  much  more 
easily  accomplished  by  using  instead  of  the  "resistances"  the 
*' conductivities''  of  the  insulating  materials.  Then,  1  think,  we 
could  with  some  observations  sepamte  the  three  distinct  effects, 
and  get  the  electric  conductivity  of  the  insulating  material  proper, 
and  such  curves,  of  exponential  or  logarithmic  nature,  have  been, 
I  believe,  observed  on  materials  which  are  not  hygroscopic,  as  hard 
rubber,  gutta-percha,  etc.  A  further  conductivity,  representing  a 
resistance  increasing  with  the  temperature,  not  linear  but  rather 
erratic,  superimposed  upon  the  conductivity  of  the  insulating 
material  proper,  is  the  conductivity  due  to  moisture  included  by 
the  material,  and  this  as  before  said  is  entirely  erratic,  depending 
absolutely  on  the  atmospheric  conditions  and  the  chance  of  the 
moisture  to  be  absorbed  or  to  escape.  Purtliermore  there  is  a 
chemical  disintegration  taking  place  which  changes  the  material 
and  which  depends  again  on  temperature  and  on  time. 

I  will  draw  attention  to  one  feature  which  may  very  easily  cause 
misunderstanding,  namely,  the  effect  of  chemical  disintegration  in 
lowering  the  insulation  resistance,  and  the  effect  of  moisture  in 
lowering  it.  There  is  an  enormous  difference  in  their  practical 
bearing.  Moisture,  while  reducing  the  insulation  resistance,  is, 
within  a  reasonable  range,  perfectly  harmless.  It  is  useless  to 
exclude  it,  because  as  soon  as  the  electric  machines  come  into 
operation  they  will  absorb  moisture  again  just  the  same. 

Thus  the  only  object  of  expelling  moisture  by  baking  is  to  get 
a  sufficiently  high  number  oi  megohms  insulation  resistance,  to 
fulfil  8ome  antiquated  set  of  speciiieations. 

I  am  glad  to  state  that  more  and  more  consulting  electrical 
engineers  come  back  from  this  question  of  the  megohms  insula- 
tion resistance  as  a  guarantee  of  the  safety  of  insulation  of  the 
machine,  and  instead  of  it  specify  the  voltage  at  which  the  insula- 
tion should  not  be  punctured.  If  the  insulation  is  fibre  and  is 
very  bad,  it  will  ])e  punctured  at  low  voltage  and  still,  after  bak- 
ing j?liow  an  enormous  inf^ulation  resistance,  while  a  very  good 
insulation,  after  long  exposure  to  damp  air— as  in  a  turbine  station 
— may  be  of  relatively  low  insulating  resistance  and  nevertheless 
far  superior  to  the  infinite  number  of  megohms  which  break  down 
by  disintegration  or  puncture  at  low  voltage.  Fortunately  now 
you  very  seldom  find  an  electrical  engineer  sufficiently  behind 
the  times  to  request  a  large  number  of  megohms.  If  this  is  the 
case  he  gets  it  by  baking  the  ap])aratus— otherwise  baking  goes 
more  and  more  out  of  use,  and  its  place  is  taken  by  the  high  volt- 
age or  puncturing  test. 
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Obviously  moisture,  while  fairly  harmless  when  in  small 
amount,  must  not  be  excessive — that  is  the  armature  must  not  be 
dripping  with  water,  which  all  the  same  happens  occasionally, 
when  machinery  shuts  down  evenings,  and  the  dew  accumulates 
on  it  over  night.  Even  then  it  usually  does  no  harm.  So  you 
see  you  must  distinguish  between  the  low  insulating  resistance 
due  to  moisture,  and  that  due  to  imperfect  material  or  chemical 
disintegration. 

Prof.  Thomson  : — There  is  just  one  point  I  would  like  to  call 
attention  to — I  meant  to  speak  of  it  when  I  was  on  my  feet  be- 
fore— and  it  is  in  regard  to  the  curves  on  page  259,  Figure  3.  It 
would  appear  that  when  the  moisture  was  dried  out  of  the  material 
and  the  cooling  took  place,  that  there  was  no  temperature  co-effi- 
cient properly  so-called.  No.  9  and  No.  11  are  practically  straight 
lines  and  that  would  seem  to  negative  any  idea  of  a  variation  of 
resistance,  at  least  within  those  limits  due  to  temperature  of  the 
dry  material. 

Dr.  Kennelly  : — The  discussion  has  been  interesting  in  show- 
ing the  different  standpoints  which  may  be  assumed  by  different 
readers  who  have  not  tacitly  agreed  upon  the  exact  question  at 
issue.  When  the  original  paper,  referred  to  at  the  outset,  was 
read,  I  think  I  can  remember  that  the  subject  was  not  treated  as 
a  discussion  of  a  true  physical  constant  i.  e.  a  temperature  co-effi- 
cient of  variation  in  resistivity  of  heated  insulating  materials, 
because  it  was  generally  understood,  although  perhaps  not  stated, 
that  the  variations  in  resistance  observed  were  much  more  erratic 
than  could  be  expected  from  a  true  temperature  co-efficient.  As 
Mr.  Sttinmetz  says,  you  cannot  expect  to  come  within  measuring 
distance  of  a  temperature  co-efficient  until  you  have  driven  off 
practically  all  the  moisture  from  the  test  piece.  Frof.  Thomson 
has  pointed  out  that,  apparently,  when  this  was  done,  the  curves 
Nos.  9  and  11  of  this  paper  indicate  an  absence  of  temperature 
variation  between  the  limits  of  20®  and  80*^.  Dr.  Perrine,  how- 
ever, seems  to  have  considered  that  we  discussed  the  existence  of 
a  real  temperature  co-efficient  when  the  original  paper  was  read- 
It  18,  of  course,  grenerally  known  that  paper  and  fibre  absorb  much 
moisture  at  ordinary  temperatures,  and  in  the  presence  of  that 
moisture  all  real  temperature  vaiiations  are  necessarily  obscured. 
The  question  discussed  was  why  the  particular  curves  accompany- 
ing that  paper  showed  humps  or  maxima  at  positions  very  differ- 
ent to  those  observed  by  Mr.  Scott.  No  satisfactory  solution  of 
this  question  seemed  to  be  offered.  I  think  we  are  indebted  to 
the  writers  of  this  paper  for  an  explanation  of  that  phenomenon. 
They  seem  to  show  that  everything  depends  upon  the  facility  and 
speed  with  which  the  moisture  is  driven  off  in  the  test. 

We  cannot  suppose  that  a  material  such  as  cellulose  can  have 
a  real  resistivity  unless  a  number  of  conditions  are  stated,  such  as 
absence  of  moisture,  pressure,  degree  of  purity,  etc.  For  this 
reason^  perhaps,  we  should  be  grateful  to  the  authors  of  this  paper- 
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for  having  referred  their  results  to  absolute  insulations  only,  and 
for  not  having  computed  them  as  resistivities  ref«  rred  to  the 
cubic  centimetre.  For  had  they  stated  their  rt»eults  in  tlie  form 
of  resistivity,  we  might  have  been  inveigled  into  the  belief  that 
such  was  a  real  physical  constant  of  the  material ;  whereas  it  was 
probably  a  function  of  a  numbc^r  of  Leal  conditions  any  variation 
m  which  might  have  led  to  a  different  numerical  result. 

The  following  paper  on  "The  Effect  of  Armature  Induction 
upon  the  Electromotive  Force  Curves  of  an  Alternator"  was  then 
read  by  Prof.  W.  E.  Goldsborough. 


A  /a^r  prtsentfd  at  tkr  141k  Gem^rnl  Metiin^  0/ 
the  American  Inttitute  0/  Elertrfcal  Engi" 
neers,  Eliot,  Me  ^Juiyrfthy  iSqj,  Vice' President 
Steinmetz  in  the  Chair. 


THE  EFFECT  OF  ARMATURE  INDUCTANCE  UPON 
THE  ELECTROMOTIVE  FORCE  CURVES  OF  AN 

ALTERNATOR. 


BY    W.    E.    aOLD8BOKOU(»H. 


The  v«^iil)jeot  of  tlie  regulation  of  alternating  dynamo-electric 
machines,  considered  a^  a  function  of  the  inductance  of  their 
armature  coils,  has  been  treated  by  a  number  of  writers,  and 
during  the  last  few  years  \\2a  attracted  much  attention. 

In  looking  up  the  bibliography  of  the  subject,  however,  I  find 
that  but  few  records  have  l)een  published  of  the  actual  value  of 
the  inductance  of  the  generating  coils  of  these  machines,  and 
that  even  less  data  are  available  regarding  the  real  nature  of  the 
periodic  fluctuations  that  take  place  in  this  quantity. 

We  are  indebted  to  Hopkinson,  Ayrton,  Kapp,  Sumpner, 
Duncan,  Tobey  and  Walbridge,  Reid,  Steinmetz,  Fleming, 
Ilothert,  Roessler  and  many  others  for  much  vahial)le  informa- 
tion  touching  upon  the  theory  and  practice  of  the  design  and 
handling  of  machines  of  this  type,  but  these  writers,  in-sofar  as 
I  am  informed,  have  failed  t4>  furnish  us  with  a  record  of  the 
actual  internal  relations  existing  l)etweeii  the  factors  involved, 
freed  of  conventi<mal  and  restricting  assumptions. 

With  the  assistance  of  Mr.  W.  N.  Motter  and  Mr.  S.  R.  Fox,  I 
liave  carried  on  a  series  of  experiments  in  the  electrical  labora- 
tories of  Purdue  University  for  the  purpose  of  investigating  the 
subject. 

Arj»AI{ ATI'S    AND    MkTHOI)    Em1»LOYKI). 

The  experiments  which  I  shall  descril>e  were  made  upon  a 
three-light  Brush  arc  machine, fitted  with  the  necessary  exploring 
<«»ils,  collector  rings  and  revolving  contact-makiwy;  A^n\^^.    'W^vi 

275 


GOLDSBOnOUQH  OH  AltMATUUie  INDUCTANCB.  (July  37. 


mocliine  was  selected  on  account  oi  the  peculiarities  of  its  deeigii. 
These  were  particularly  valuable,  as  the  end  sought  was  to  obtain 
results  of  an  exaggerated  nature  in  order  that  the  factorK  entering 
into  the  problem  could  l>e  brought  into  bold  relief  and  thereby 
lend  themseivee  to  more  ready  invtjstigation. 

The  core  of  the  armature  is  of  the  ring  type  and  is  built  uji 
of  laminated  iron  etMmpings,  held  together  by  laminated  iron 
bands  passing  around  the  core  between  the  t-ucccB>ive  layers  of 
stampings.  Kach  stamping,  therefore,  forms  a  portion  of  the 
Burlace  of  a  cylinder  having  its  axis  coincident  with  the  axis  of 
rotation.  The  stampings  are  shaped  so  as  to  make  sixteen  Urge 
teeth  of  trapezoidal  secr.ion,  wliich  project  laterally  from  the  core, 


there  being  eight  on  each  side.  The  armature  winding  is  com- 
posed of  eight  coils  or  bobbins  of  2S't  turns  each.  The  bobbiuH 
on  opposite  sides  of  the  armature  are  connected  in  series,  and 
their  free  ends  brought  out  to  one  pair  of  the  eight  commutator 
segments.  Previous  to  making  the  experiments,  all  of  the  copper 
commutator  segments  were  removed,  and  two  cast-iron  collector 
rings  substituted  for  tliem.  Fig  1  shows  the  machine  with  these 
in  position,  and  the  collecting  brushes  in  place.  Kach  ring  was 
connected  electrically  to  one  of  a  pair  of  commutator  segment 
terminals,  to  whicii  the  free  ends  of  one  pair  of  tlic  armature 
bobbins  were  fastened.  The  rings  were  then  carefully  iuciulated 
from  contact  with  all  the  other  commutator  terminals.     As  the 
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armature  is  of  the  open  coil  type,  each  commutator  segment  is 
attached  to  the  terminal  of  but  one  coil,  and  therefore,  by  the 
arrangement  described,  the  arc  machine  was  converted  into  a  two- 
coil  alternator.  Throughout  the  test,  the  remaining  six  coils  were 
practically  dead,  being  cut  out  and  left  on  open  circuit. 

Owing  to  the  fact  that  the  armature  bobbins  are  wound  between 
large  projecting  teeth,  and  since  the  clearance  spaces  between  the 
teeth  and  the  pole-faces  are  relatively  small,'  the  inductance  of 
the  coils  is  high.  1  he  coils  are  practically  buried  in  iron,  and 
the  leakage  of  the  magnetic  lines  of  force  set  up  in  them  is  slight. 
There  are  in  all,  16  teeth  on  the  armature  core,  or  4  to  each  pole 
face.  As  the  armature  revolves,  there  are  alternatively  3  and 
then  4  teeth  opposite  each  pole-face  The  latter  condition  occurs 
when  two  of  the  coils  take  up  pcisitions  midway  between  the 
pole  comers,  as  for  instance,  coils  1  and  2  in  Fig.  2.  The  former 
when  four  of  the  teeth  reach  positions  midway  between  the  pole 
corners  n,  s,  and  n',  s'.  The  reluctance  of  the  path  of  the 
magnetic  ilux  through  the  iield  frame  and  the  armature  core  is 
therefore  a  variable  quantity,  and  pulsates  between  its  maximum 
and  minimum  values  eight  times  during  each  revolution  of  the 
armature. 

The  four  field  exciting  coils  are  connected  in  series  in  such  a 
way  as  to  form  like  magnetic  poles  facing  one  another,  on  the 
same  side  of  the  armature  shaft.  By  this  arrangement  the  lines 
of  force  entering  the  armature  core  from  abutting  pole- pieces 
repel  one  another  and,  dividing,  penetrate  the  armature  core 
above  and  below  the  shaft  in  a  direction  perpendicular  to  a 
vertical  plane  passed  through  the  centre  of  rotation  and  parallel 
to  the  shaft.  When  the  armature  core  is  at  rest,  therefore,  and 
tlie  field  coils  separately  excited,  the  field  flux  passing  through 
any  pair  of  armature  coils  will  be  a  maximum  when  they  are  in 
position?  1,  2,  Fig.  2,  and  will  be  zero  when  they  are  in  positions 
5,  (>. 

The  method  employed  in  making  determinations  of  the  self- 
induction  of  the  armature  was  as  follows : 

An  exploring  coil  of  42  turns  of  No.  3^  b  a  s  copper  wire  was 
wound  over  armature  coil  I,  and  connected  in  series  with  the 
field  coils  of  a  high-resistance  Nalder  ballistic  galvanometer  and 
an  adjustable  non-inductive  resistance.  A  constant  exciting 
current  of  10  amperes  was  kept  flowing  through  the  field  circuit 
at  all  times.     During  the  time  of  taking  any  one  set  of  t^aAVxv^^ 
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a  direct  current  of  definite  value  was  maintained  in  coils  1  and  2 
except  when  the  deflections  were  made.  In  circuit  with  the 
two  armature  coils  and  the  source  of  power,  were  connected  a 
Weston  ammeter,  the  primary  of  the  cah'brating  coil  of  the 
ballistic  galvanometer  and  a  snap  switch.  The  snap  switch  being 
actuated  by  a  spring,  gave  exactly  the  same  form  of  mechanical 
"  make ''  and  '*  break"  of  the  current  at  each  reading.  Headings 
were  taken  when  making  and  when  breaking  the  current  in  the 
armature  coils,  and  the  average  of  four  observations  made  a  re- 
cord for  a  given  angular  position  of  the  coils. 

The  angular  {M)sition  of  the  coils  relative   to  the   poles   was 
indicated  by  the  graduated  disk  of  the  contact-making  device  by 


^1.^ 
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Fio.  2.— Showing  coils  No.  1  and  2  at  **Zero  Position  "  between  the  Pole  Tip> 

N,  8,  and  N',  s'. 

adjusting  it  relatively  to  a  point  on  the  contact  wheel  at  the  time 
of  taking  each  reading.  Knowing  the  deflections  of  the  galvanom- 
eter and  having  complete  data  covering  the  calibration  of  tlie 
instrument  and  the  construction  of  the  armature,  the  inductanct? 
of  the  coils  at  any  given  point  was  very  readily  calculated. 

In  determining  the  form  of  the  electromotive  force  waves 
induced  in  the  coils  and  appearing  at  the  brushes  of  the  machine^ 
a  form  of  contact-making  device  shown  in  Fig.  1  was  used  in 
connection  with  an  improvised  form  of  electro-dynamometer. 
The  contact-making  device   possesses    no   new    features.      The 
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galvanometer  is  of  the  Wiedemann  type.  The  bell-shaped 
magnet  and  copper  damper  were  removed  from  the  instrument, 
and  in  place  of  these  a  wooden  ball  carrying  a  coil  of  fine  wire 
imbedded  in  a  deep  narrow  groove  cut  into  its  surface  was  sub- 
stituted. Two  pieces  of  copper  wire  were  mounted  upon  the 
ball  or  needle  in  the  plane  of  the  coil,  and  at  the  extremities  of  a 
diameter  to  form  an  axis  of  rotation.  The  upper  end  of  this 
axis  made  one  terminal  of  the  coil,  it  carried  a  small  plane  mirror 
and  was  connected  at  its  extremity  to  a  piece  of  hard-drawn 
brass  wire.  This  wire  being  also  attached  to  the  torsion  head, 
both  sustained  the  weight  of  the  ball  and  balanced  by  its  torsion 
the  deflecting  force  of  the  current  impulses  passed  through  the 
needle.  The  lower  end  of  the  axis  formed  the  other  terminal  of 
the  coil  and  carried  a  small  paddle.  It  dipped  into  la  cup  con- 
taining mercury  and  glycerine :  the  glycerine  sufficing  to  dampen 
the  needle  and  the  mercury  making  electric  contact  with  it.  When 
in  use,  the  field  coils  of  the  galvanometer  were  excited  with  a  con- 
stant current.  The  ball  or  needle  was  connected  directlv  in  series 
with  the  rotary  contact,  and  with  from  two  to  three  incandescent 
lamps,  according  to  the  value  of  voltage  to  be  measured.  Ti)e 
instrument  was  calibn\ted  by  connecting  a  constant  current  ma- 
chine in  series  with  the  needle,  lamps  and  rotary  contact,  and 
comparing  the  deflections  of  the  needle  taken  while  the  contact 
was  rotating  at  normal  speed,  with  the  readings  of  a  voltmeter 
connected  to  the  terminals  of  the  source  of  constant  e.  m.  f. 
During  all  the  experiments,  the  galvanometer  gave  deflections  as 
constant  and  as  dead  beat  as  those  of  a  Weston  ammeter.  The 
arrangement  of  this  apparatus  is  analogous  to  that  described  by 
Duncan  *  in  1892. 

Akmaturk  Inductance. 

In  determining  the  coefficient  of  self-induction  of  coils  1  and  2, 
coil  1  of  the  armature  was  placed  at  the  230°  position,  as  indi- 
cated in  Fig.  2,  since  at  this  point  the  magnetizing  power  of  the 
coils  was  least,  owing  to  the  large  magnetic  reluctance  of  the 
circuit  traversed  by  the  lines  of  force  emanating  from  the  coils. 
The  high  i*eluctance  is  due  to  the  fact  that  the  iron  of  the  core 
surrounded  by  the  coils,  and  the  iron  of  the  pole  tips  n,  n'  and 
s,  s',  is  all  highly  saturated  by  the  field  flux,  and  to  the  fact  that 
the  lines  of  force  set  up  by  the  coils  must  either  span  an  air-gap 

1.    Duncan,    '•  Note    on    some  Experimenti*  with    Alternating  Gw:t^^\a?* 
Transactions,  vol.  ix,  p.  79. 
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laan;  times  larger  than  the  clearance  space,  or  else  pass  through 
the  entire  field  circuit  of  the  machine. 

When  in  the  230°  position  and  with  a  constant  current  of  ten 
amperee  flowing  in  the  field  circuit,  and  a  constant  current  of  4.3 
amperes  flowing  in  coils  1  and  %  the  hallistic  galvanometer  gave 
a  doHection  of  25  both  at  the  "  make  "  and  at  the  "  break  "  of 
the  current.  The  current  in  the  coils  at  thie  time  was  flowing  in 
the  same  direction  as  that  in  which  the  alternating  current  it> 
flowing  when  the  coils  are  )>afl8ing  ont  from  under  the  pole  tipe, 
and  the  armature  is  rotating  in  the  normal  counter-clock-wi»e 


direction.  From  position  SilW  the  coils  were  moved  in  a  clock- 
wise direction,  as  viewed  from  the  commutator  end.  This  is 
opposite  to  the  direction  of  rotation  of  the  armature  when  running, 
but  in  the  same  direction  as  that  in  whicli  tlierotarj' contact  brush 
was  moved  when  the  e.  m.  k.  curves  were  taken.  At  the  220° 
position,  "  make  "  and  "  break  "  readings  botli  ei^ual  to  24  were  ob- 
tained. At  position  210°  the  readings  gave  25  divisioiiB  again. 
At  200°  they  were  all  30  divisions,  and  so  on  through  one-half 
of  a  revolution  of  the  armature.  When  plotted,  these  readings 
gmve  the  curve  a  of  Plate  1. 
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An  inspection  of  this  curve  shows  that  it  is  distorted  in  the 
direction  of  the  normal  rotation  of  the  armature.  Thinking  that 
its  nnsymmetrical  form  might  not  be  entirely  due  to  a  maernetic 
reaction  between  the  armature  and  fields,  and  that  possii>ly  it 
was  caused,  in  part  at  least,  by  a  variati-n  in  the  width  of  the  air- 
gap  space,  owing  to  the  core  of  the  armature  not  being  quite  true, 
the  curve  was  continued  through  the  complete  revolution.  The 
result  of  the  test,  however,  gave  another  curve  exactly  like  curve 
A.  This  indicated  conclusively  that  lack  of  symmetry  in  the  me- 
chanical construction  of  the  machine  played  no  part  in  causing  the 
distortion.  The  current  iu  the  coils  1  and  l  was  then  reversed  in  its 
direction  while  being  kept  at  the  same  volume.  The  exploration 
resulted  this  time  in  giving  the  curve  b,  of  Plate  1.  As  l>efore,  the 
**  make  "  and  "  break  "  gave  the  same  deflection  for  any  given 
position,  but  the  curve  was  found  to  be  drawn  over  towards  pole 
tips  s'  and  n,  Fig.  2,  instead  of  towards  s  and  n',  as  in  the  case  of 
curve  A. 

The  distortion  of  these  curves,  the  ordinates  of  which  are  pro- 
portional to  the  inductance  of  the  coils  in  various  angular  posi- 
tions, is  entirely  due  to  the  variation  of  the  permeability  of  the 
iron  composing  the  armature  core  and  pole-faces,  as  the  energized 
armature  coils  are  moved  through  the  half  revolution.  When 
curve  A,  Plate  1,  was  taken,  the  current  passing  through  the 
coils  tended  to  produce  a  magnetic  field  in  opposition  to  that 
induced  by  the  field  circuit  when  the  coils  were  in  the  185°  posi- 
tion, and  one  aiding  the  field  flux  when  they  were  in  the  96° 
position.  In  other  words,  poles  were  generated  in  the  coils  as 
indicated  by  the  small  n  and  s  on  coil  1  of  Fig.  2.  With  the 
Qm\%  in  the  96°  position,  when  the  circuit  was  made,  a  number  of 
ampere  turns  were  brought  into  action,  which  increased  the  in- 
duction in  the  surrounding  masses  of  iron  and  at  the  same  time 
decreased  their  permeability.  With  the  coils  in  the  L^5°  posi- 
tion, making  the  circuit  through  the  armature,  decreased  the 
magnetic  density  in  the  surrounding  iron  and  thereby  increased 
its  permeability.  Breaking  the  armature  circuit  in  either  case 
brought  the  induction  back  to  the  same  initial  value,  since  the 
two  positions  assumed  are  symmetrically  located  relatively  to  the 
}>ole-faces.  The  introduction  of  the  same  magnetizing  force  into 
the  coile,  however,  did  not  cause  the  same  variation  in  the  in- 
duction threading  the  coils.  Since  the  variation  in  the  value  of 
the  permeability  is  in  opposite  directions  in  the  two  cases^  tUa 
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variation  in  the  flux  in  the  185^  position  is  greater  than  tliat 
which  occurs  in  the  95*^  position,  and  therefore  the  self-induction 
of  the  coils  in  the  former  is  greater  than  in  the  latter,  under  the 
assumed  conditions. 

Magnetic  hysteresis  also  plays  a  part  in  the  variability  of 
the  armature  inductance.  As  the  armature  revolves,  the  iron  of 
the  core  passes  through  a  complete  hysteretic  cycle  once  every 
revolution,  and  in  making  determinations  of  the  armature  induc- 
tance, account  must  be  taken  of  the  fact  that  the  magnetization 
of  the  iron  of  the  core  follows  the  perimeter  of  the  loop  of  hy- 
steresis and  not  the  "  b  and  ii  curve,"  as  the  permeance  of  the 
core  changes. 

To  det^rmme  the  extent  of  the  error  introduced  by  neglecting 
to  adhere  to  the  true  magnetic  changes  through  which  the  iron 
passes,  as  is  the  case  in  the  method  so  far  described,  a  rather 
laborious  process  had  to  be  resorted  to  of  carrying  the  iron  in 
the  core  completely  through  the  hysteretic  cycle  before  taking 
each  reading.  By  this  means,  owing  to  the  fact  that  when  a 
coil  is  l)etween  the  pole  tips,  the  laminated  core  of  the  coil  is 
highly  saturated,  it  was  possible  to  get  a  very  fair  estimate  of 
the  influence  of  hysteresis. 

Suppose  we  take  the  hysteresis  loop  of  Fig.  8  to  represent  the 
cycle  through  which  the  magnetization  of  the  ir<m  passes  during 
a  revolution  of  the  armature.  Let  a  represent  the  magnetic 
density  in  the  core  of  coil  I  when  it  is  in  230°  position,  and  no 
current  flowing  in  the  coil.  As  the  armature  is  revolved  in  a 
counter-clock-wise  direction,  the  intensity  of  the  magnetization 
in  the  core  will  decrease  until  at  the  320°  position  it  will  have  a 
value  equal  to  o^  b.  At  some  point  farther  on,  say  at  330°,  there 
will  be  a  suftieient  negative  force  to  reduce  the  residual  ma^rne- 
tism  to  zero,  as  at  (?,  Fig.  3 ;  and  finally,  when  coil  1  reaches  the 
50°  position,  the  magnetism  will  have  been  brought  up  to  a  nega- 
tive maximum  within  the  coil,  as  at  d.  If  at  this  point  the 
circuit  is  made  through  the  armature  coils,  and  a  constant  current 
sent  through  them  in  the  direction  which  aids  the  field  flux,  the 
density  in  the  core  will  be  increased  to  a  still  higher  value,  and 
rise  np  to  e,  Suppose  now  that  the  armature  is  revolved  still 
further  round,  for  instance,  to  the  120"^  position.  The  flux  pene- 
trating the  coil  will  diminish  iof.  If  at  this  point  the  armature 
current  is  broken  by  the  snap  switch,  a  current  impulse  will  pass 
to  the  galvanometer  needle  from  the  exploring  coil,  due  to  tlie 
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decrease  in  the  induction  tlireadinij;  the  coil  from /' to  0'.  If, 
without  changing  the  position  of  the  coil,  the  current  is  made 
again,  the  density  will  riBe  to  A,  bnt  will  not  come  up  to  the 
original  value  at  /,  In  other  words,  any  number  of  "  makes  " 
and  "  breaks "  can  be  made  after  the  first  "  break  "  with  the 
same  result,  but  the  first  "  break "'  will  give  a  larger  reading  than 
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the  others.  The  first  "break"  gives  the  most  accurate  result. 
By  this  method,  however,  coil  1  has  to  be  brought  back  to  the 
230°  position  before  taking  each  reading,  then  revolved  eounter- 
clock-wise  to  the  50°  position,  and,  after  the  current  is  made,  has 
finally  to  be  moved  to  a  position  between  a'  and  e,  to  take,  *(» 
reading  at  the  "  break." 
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Following  out  this  method  for  oae  set  of  readings,  curve  a,  of 
Plate  2,  was  obtained.  Curve  b  is  a  curve  plotted  from  an  aver- 
age of  the  readings  due  to  the  second  and  third  "  breaks  "  and 
their  corresponding  "  makes."  It  is  identical  with  a  curve  taken 
by  the  method  used  in  obtaining  curves  a  and  b,  of  Plate  1,  but 
with  the  same  armature  current  as  that  used  in  obtaining  the 
curve  A  of  Plate  2.  An  inspection  of  the  curves  of  Plate  2  shows 
that  the  maximum  percentage  variation  occurs  at  the  190^  posi- 
tion, where  it  amounts  to  12  per  cent.,  and  that  the  maximum 
actual  variation  occurs  at  the  170^  position,  where  it  amounts  to 
16  divisions,  or  7.8  per  cent,  of  the  deflection  at  this  point.    This 
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represents  an  actual  difference  of  .0117  henrys  at  the  170^  posi- 
tion. 

As  was  to  be  expected,  from  the  considerations  outlined  above, 
the  curve  a  of  Plate  2  shows  a  greater  distortion  in  the  direction 
of  rotation  than  does  the  curve  b,  taken  by  the  less  exact  method. 
It  reaches  a  maximum  later  in  the  cycle,  and  although  of  uni- 
formly greater  amplitude  than  curve  b,  the  differences  are  most 
marked  in  the  last  half  of  the  cycle,  counting  time  from  right  to 
left. 

Curves  a  and  b  are,  however,  exactly  similar  in  fonu  and  so 
nearly  alike,  that  it  was  not  deemed  necessary  to  follow  out  the 
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more  elaborate  and  exact  method  in  succeeding  determinations 
of  the  variable  inductance,  as  the  end  in  view  wae  to  determine 
the  character  of  the  changes  occurring,  rather  than  the  abeolnte 
valae  of  them. 

I'late  3  exhibits  a  series  of  these  inductance  curves.  The;  re- 
present live  exploratiouB,  made  with  direct  currents  of  different 
intensities  flowing  through  coils  1  and  2,  while  the  field  exciting^ 
current  was  maintained  constant  at  10  amperes,  as  usual.     Th& 
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readings  have  been  rednced  to  henrys;  the  calculation  of  the 
values  being  based  upon  the  supposition  that  the  inductance  of 
the  two  coils  at  any  point  is  proportional  to  the  change  in  the 
number  of  lines  of  force  existing  in  the  coils  at  that  point,divided 
by  tho  current  flowing  in  the  coils  and  producing  the  change. 
The  plotted  values,  therefore,  represent  the  inductances  of  the  two 
coils  in  series,  proper  allowance  having  been  made  for  the  fact  that 
the  exploring  coil  was  only  wound  about  one  of  them. 

The  curves  of  Plates  4  and  5  have  been  derived  from  tU^x»&  -al 
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Plato  3,  They  show  the  relation  between  the  direct  carrenta 
flowing  in  the  coils  and  the  inductance  of  the  coils,  and  are  oseful 
when  it  is  desired  to  determine  the  curve  of  instantaneooe  indac- 
taoce  that  corresponds  to  a  given  alternating  current  wave. 

The  curves  of  Plates  3,  4  and  5  bring  to  light  some  very  inter- 
esting facts.  They  show  that  the  maximum  coefGcient  of  *eelf- 
indaction  ocenrswhen  the  coils  are  in  the  145°  position  and  the 
current  flowing  in  them  ha«  a  value  of  2.5  amperes ;  under  these 
conditions  their  inductance  is  over  .172  henrys.  They  indicate 
tlist  as  the  armature  current  is  varied  from  zero  up  tu  its  max- 


imum safe  value,  the  inductance  nf  the  eoil''  undergoes  very 
marked  and  relatively  rapid  clianget^.  The  dotted  curve  f  has 
been  plotted  intm  the  ordinates  of  the  curven  on  I^lates  4  and  5 
that  correspond  to  the  zer<)  value  of  current.  It  represents  the 
initial  inductance  cycle,  and  is  the  basic  curve  to  either  side  of 
which  the  inductance  curves  for  the  various  currents  fluctuate. 
Curve  V  iu  practically  symmetrical  relatively  to  the  pole-faces. 
Its  crest  occurs  as  the  coilt-  pasw  the  centre  of  tlie  pole-faces,  and 
it  slopes  equally  on  either  side.  The  line  x,  drawn  from  its  crest 
through  the  crests  of  the  other  curves,  indicates  the  euceepsive 
positionis  and  valuet;  assumed  by  the  maximum  inductance  cor- 
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reepondiug  in  different  constant  currentB,  as  tlie  volame  of  these 
ourreats  is  increased  from  zero.  The  maximnm  cnrrent-carrying 
capacity  of  the  armature  is  15  amperes,  but  the  indnctanee  ia 
rhanged  from  its  maximnm  initial  value  of  .117  henryu  to  its 
maximum  possible  valne  of  .172  henryewhen  the  armatnre  cuft 
rent  reaches  3.5  amperes.  Any  further  increase  in  the  current 
cansea  the  amplitnde  of  the  indnctanee  wave  to  diminish,  and  at 
a  amperes  it  is  only  H5  per  cent,  of  what  it  is  at  2.5  amperes. 

Besides  varying  in  amplitude,  the  indnctanee  waves  undergo  a 
lateral  shifting  in  the  direction  of  the  rotation  of  the  armatnre. 


PlitbS, 
The  dotted  curve  r.  has  lieen  taken  from  Plates  4  and  5,  and  re- 
jtreseiitt^  the  inductance  curve  (corresponding  tu  11  amperes.  An 
inspection  of  Plate  5  shows  that  this  curve  pi-acticaliy  marks  the 
limit  of  the  variability  of  the  inductance.  For  a  further  increase 
in  the  current,  the  170"  curve  of  Plate  5,  tends  to  remain 
linrinontal,  and  the  1S0°  curve  exhibits  no  disposition  to  rise 
appreciably  beyond  the  llampere  point,  there  will  therefore 
lie  prHctically  no  further  shifting  of  the  crest,  or  change  in  the 
aniplitiidL-  of  the  indnction  curve. 

To  better  ii|iprec!ate  the  extent  of  the  distortion  that  occurs, 
it  h  well  to  note  that  at  the  170''  position  there  is  a  difference  oi 
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about  .'i*i5  of  a  lienry  between  cnrves  a  and  f  of  Plate  8,  show- 
ing  rhHt  the  inductance  of  the  coils  at  this  point  has  double  tlie 
value  at  full  toad  that  it  has  at  no  load.  Tliie  fact  is  brought 
out  PtniDglj  in  Fig,  4,  which  eliuwe  the  differences  between  th« 
ordinates  of  curves  d,  f  and  a.  In  tliis  figure,  the  amounts  by 
which  the  ordinates  of  curves  o  and  <;  of  Plate  3  differ  from 
those  of  curve  f  have  been  plotted  as  ordinate^  relatively  t^i 
curve  f  reduced  to  a  horizontal  base  line. 

It  is  alKi  iuteresting  to  note  that  between  no  load  and  full  load, 
the  crest  of  the  induction  curve  moves  through  an  angle  of  30°, 
or  over  one  fourth  of  the  width  of  the  pole-faces. 

The  duetuations  which  take  place  in  the  armature  inductance, 
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are  due  to  the  changes  occurring  in  the  relnctance  of  the  patli 
traversed  by  the  flux  induced  by  the  armature  current.  The  ac- 
tion of  the  armature  current  is  to  intensify  the  induction  in  the 
armature  core  between  the  dO"  and  130"  positions  of  coil  1.  The 
initial  induction  in  the  core  waa  over  '24,UiiO  gausses  when 
the  coils  were  between  the  pole  tips.  The  armature  current  act- 
ing with  the  Held  excitation  maintained  this  saturation  during 
the  Hrst  part  of  the  revolution  and  prevented  any  great  variation 
in  the  induction  in  the  first  quadrant.  But  during  the  second 
and  fourth  '(uarters  of  each  revolution,  when  the  coils  were  be- 
tween the  17"°  and  the  2'H]°  positions,  the  armature  current  was 
reacting  against  the  field  excitation,  and  thereby,  by  diminishing 
the  flux  density,  was  increasing  the  permeance  of  the  iron  and 
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the  ioductancfl  of  the  coiU  for  tbeae  poeitioD«.  The  magnetitin^ 
power  of  the  coils  is  coneiderable,  ae  with  8  amperes  flowing 
through  tbeoi,  they  eet  up  an  induction  of  18,000  gansses  in  the 
core  when  in  the  160°  potdtion. 

The  great  amplitude  of  the  indaction  wave  for  2.4  amperes  ia 
the  coils  is  in  the  same  way  due  to  the  fact  that  the  penneanoe 
of  the  path  is  least  when  the   magnetizing  force  is  tlutt  dne  to 
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this  current.  If  we  plot  the  values  of  the  140°  curve  of  Plate  4 
in  terms  of  ttie  armature  current  and  the  induction  set  up  in  the 
core  by  the  current,  we  obtain  the  curve  shown  in  Fig.  5.  This 
ie  "it  and  h"  curve  for  tlie  magnetic  circuit  through  the  armature 
core  in  thit:  position,  and  the  point  t  which  corresponds  to  the 
maximum  ordinate  of  the  1+0°  curve,  is  the  point  where  a  tangent 
to  the  curve  makes  the  greatest  angle  with  the  base  line. 

The  large  teeth  of  the  armature  core  do  not  seem  to  have  ttii^ 
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effect  of  causing  any  marked  irregularities  in  fbe  inductance 
curves.  It  is  noticeable,  however,  that  there  is  a  slight  hump  in 
all  of  tliom  at  the  90'^  position.  This  is  caused  when  the  teetli 
immediately  hehind  the  coils  pass  the  pole  tips.  The  same  effect 
is  produced  by  the  other  teeth,  but  it  is  t(K)  slight  to  appreciably 
affect  the  readings. 

Elkctkomotivb  Force  Corves. 
A  series  of  electromotive  force  curves  taken  from  the  inadiine* 
are  shown  in  Plate  6.     These  ilhistrafe  the  gradual  elmnge  in  the 


I'LATB  6. 

wave  form  of  the  effective  electromotive  force  as  the  load  in- 
creases.  By  tlie  effective  electromotive  force  is  meant  the  electro- 
motive force  that  is  in  phase  with  the  current  and  overcome!'  tlie 
ohmic  resistance. 

Tfiere  is  quite  an  appreciable  lag  in  the  effective  electromotive 
force  for  the  higher  loads,  owing  to  the  armature  inductance. 
This  can  liardly  be  regarded  in  the  light  of  a  simple  plmse  dis- 
placement, as  tlie  lag  partakes  largely  of  the  nature  of  u  trans- 
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formatioD  of  tlm  fimdaiiiental  wave  a,  that  U  due  to  the  phase 
positione  of  the  higher  harmonics  being  shifted  relatively  to  the 
fundamental  harmonic,  and  not  to  any  material  change  in  the 
pliaee  position  of  the  fundamental  harmonic  itself.  The  extent 
of  the  shifting  is  best  appreciated  by  noting  the  positions  of  the 
ordinates  a,  b,  c,  n.  K  and  v.  Xhetie  lines  bisect  the  areas  of  the 
electromotive  force  curves  designated  by  corresponding  letters, 
and  indicate  the  points  at  which  the  induction  threading  the  coils 
passes  thn^tigh  zero  and  changes  sign. 


The  curves  of  Plate  7  have  been  determined  from  those  of 
Plate  6  by  integrating  the  areas  of  the  latter.  They  illustrate 
the  waves  of  magnetism  producing  the  effective  electromotive 
force  curves,  and  give  a  better  idea  of  the  extent  of  the  lag  that 
takes  place.  The  scale  of  ordinates  of  Plate  7  expresses  the 
value  of  the  integral. 
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as  determined  from  the  curves  of  Plate  6,  and  must  be  multi- 
plied by  the  constant  12206  to  express  the  value  of  the  induction 
per  scj.  cm.  in  the  iron  of  the  armature  core.  The  maximum  in- 
duction occurring  in  the  core  is  therefore  a  little  over  25,000 
gausses.^  In  determining  the  value  of  the  constant,  an  allowance 
of  20  per  cent,  was  made  for  the  lamination  of  the  iron,  80  per 
cent,  of  the  gross  area  of  the  core  being  used  as  the  equivalent  of 
the  iron. 

Curve  A  of  Plate  6  was  obtained  with  zero  current  in  the 
armature.  This  is  the  "  fundamental "  or  internal  electromotive 
force  wave  of  the  machine.  It  will  he  noticed  that  it  is  not 
symmetrical  about  the  140°  ordinate.  It  isan  irregular  curve  hav- 
ing three  prominent  peaks ;  the  right  hand  one  slightly  depressed, 
the  left  hand  one  raised  somewhat,  and  the  central  one  practically 
symmetrical  about  the  centre  line  of  the  pole-faces.  The  ear 
peaks  are  due  to  higher  harmonics  being  superimposed  upon 
the  fundamental  wave  by  the  magnetic  disturbances  in  the 
air-gap  that  are  caused  by  the  large  teeth.  Steinmetz'^  has  noted 
this  effect  and  treated  the  subject  of  the  distorting  intiuence  of 
armature  teeth  in  a  masterly  manner.  His  results  indicate  com- 
paratively symmetrical  waves  for  no-load  conditions.  In  the 
case  under  consideration,  a  marked  shifting  of  the  electromotive 
force  curve  in  direction  of  rotation  is  caused  by  the  teeth  im- 
mediately on  each  side  of  the  coils*.  As  the  teeth  approach  the 
pole  tips,  the  lines  of  force  do  not  appear  to  reach  out  to  receive 
them  to  any  extent.  There  is  a  sluggishness  apparent.  On  the 
other  hand,  when  the  teeth  are  leaving  the  trailing  pole  tips,  the 
lines  of  force  seem  to  hold  on  with  tenacity,  and  when  they  do 
let  go,  fly  back  with  a  snap  as  would  extended  strands  of  elastic. 
In  the  extreme  cases,  this  action  does  not  appear  to  occur  until 
the  tooth  is  over  an  inch  away  from  the  pole  tips.  The  rapid 
cutting  of  the  lines  necessarily  augments  the  potential  at  this 
point. 

This  explanation  has  its  bearing  upon  the  case,  but  the  distor- 
tion is  perhaps  better  explained  by  looking  at  it  in  the  light  of 
the  part  played  by  hysteresis  and  eddy  currents.  The  eddy  cur- 
rents induced  in  the  pole  tips  tend  to  oppose  any  clianti^e  that 


1.  Some  elaborate  tests  were  nmde  on  Brush  dynamos  in  1889,  by  Mr.  Murry. 
The  values  of  B  attained  were  about  4,b00  piusses  in  the  field,  and  27,000  in  tlio 
armature  cores.  See  S.  P.  Thompson's  *'  Dvnamo  Electric  Machinerv,"  [>.  \i\\, 
1692  edition. 

2.  C.  P.  Steinmetz,  Tean8A(:tions,  vol.  xii.,  p.  470. 
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takes  place  in  the  field  distribution  of  the  induction.  They  help 
to  maintain  a  high  induction  in  the  trailing  pole  tips,  and 
keep  down  the  induction  in  the  leading  pole  tips.  The  iron 
in  the  core  of  the  armature  is  being  carried  through  a  complete 
hysteretic  cycle  at  each  revolution.  The  iron  in  the  pole  tips  is 
carried  through  an  hysteretic  loop  with  the  passage  of  each  tooth 
across  the  pole-face.  At  the  leading  pole  tips,  the  magnetism  in  the 
core  iron  is  always  working  on  the  descending  portion  of  the  curve 
of  hysteresis,  and  the  reluctance  of  the  magnetic  circuit  by  the 
leading  pole  tips  is  increased  accordingly.  At  the  trailing  pole 
tips  the  iron  is  worked  on  the  ascending  side  of  the  hysteretic 
curve,  and  the  reluctance  of  the  path  by  the  trailing  pole  tips  is 
thereby  reduced.  The  same  magnetizing  force,  therefore,  acting 
upon  the  two  patlis,  induces  a  distorted  field  when  the  armature 
is  running,  and  a  symmetrical  field  when  the  armature  is  at  rest, 
as  shown  by  curve  a  and  the  dotted  curve  of  Plate  7.  The  latter 
curve  was  obtained  by  exploring  the  air-gap  distribution  of  the 
flux  by  the  ballistic  method,  using  the  exploring  coil  wound  over 
coil  1,  and  breaking  the  field  circuit. 

The  activity  displayed  by  the  eddy  currents  in  heating  up  the 
pole  tips  is  quite  remarkable.  The  curves  b  and  a  of  Plate  8 
indicate  the  rise  in  temperature  of  the  leading  and  trailing  tips, 
respectively,  throughout  a  two  hours'  run.  The  readings  were 
taken  from  thermometers  fastened  directly  to  the  pole-pieces. 
The  curve  c  is  a  curve  of  differences  derived  from  curves  a  and 
B,  and  it  indicates  how  very  much  more  rapidly  than  the  tem- 
perature of  the  leading  pole  tips  the  temperature  of  the  trailing 
pole  tips  rises  during  the  first  twenty  minutes  of  the  run.  Their 
differences  in  temperature  after  that  time  is  practically  constant. 
The  curves  plainly  indicate  that  much  greater  magnetic  disturb- 
ances occur  in  the  leading  pole  tips  than  at  other  points  in  the 
pole-faces.  The  thermometers  had  to  be  fastened  to  the  back  of 
the  pole  tips  during  the  test;  had  it  been  possible  to  place  them 
in  contact  with  the  air-gap  face,  more  rapid  changes  would  doubt- 
less have  been  recorded.  During  the  test  the  field  coils  were 
excited  with  a  current  of  10  amperes,  and  the  armature  was 
loaded  to  about  5  amperes.  At  the  end  of  the  run,  the  tempera- 
ture of  the  armature  was  42"^  C. 

As  the  armature  core  has  sixteen  teeth,  or  four  per  pole  face, 
we  may  expect  harmonics  as  high  as  the  ninth  to  play  a  promi- 
nent part  in  the  wave  structure.^  The  general  form  of  the  internal 

1.  C.  P.  Steinmetz,  Transactions,  Vol.  xii,  p.  VI^. 
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electromotive  force  curve  a  is  indicative  of  the  fifth  harmoDic ; 
the  side  peaks  have  been  sharpened,  however,  bj  the  upper  har- 
monics, and  the  central  one  somewhat  broadened  bj  the  third. 

The  wave  form  of  the  electromotive  force  induced  in  the 
armature  when  the  machine  is  loaded  depends  upon  the  char- 
acter of  the  inductance  curve  of  the  armature  coils.  As  already 
explained^  the  effect  of  the  teeth  upon  the  inductance  curves  is  to 
introduce  harmonics  and  cause  irregularities  in  their  contours. 
Practically  the  same  number  of  harmonics  are  prominent  in  all 
the  electromotive  force  curves,  although  the  armature  inductance 
has  the  effect  of  smoothing  out  the  irregularities  by  giving  the 
third  harmonic  greater  prominence,  and  diminishing  the  effect  of 
the  higher  harmonics.  As  the  current  rises  and  the  magnetizing 
power  of  the  armature  becomes  apparent,  the  harmonics  intro- 
duced into  the  circuit  by  the  variable  inductance  grow  in  ampli- 
tude. They  combine  with  the  harmonics  of  like  order  of  the 
fundamental  wave,  and  an  electromotive  force  curve  results  that 
is  compounded  of  a  series  of  harmonics  that  depend  upon  the  value 
of  the  armature  current  for  their  amplitude  and  phase  positions. 

A  very  small  amount  if  any  of  the  change  in  the  form  of  the 
effective  electromotive  force  waves  is  due  to  any  departure  of  the 
original  no-load  wave  of  field  fiux  from  its  initial  wave  form.  In 
fact,  to  all  practical  intents  and  purposes  the  pulsations  that  occur 
in  the  magnetic  reluctance  of  the  field  circuit  are  sensibly  of  the 
same  intensity  at  full  load  as  they  are  at  no  load.  In  other  words 
the  changes  that  occur  in  the  permeance  of  the  core  of  the 
armature  as  the  load  varies  do  not  appreciably  alter  the  permeance 
of  the  field  circuit.  The  fundamental  wave  of  magnetism  and  of 
electromotive  force  may  therefore  be  regarded  as  always  being 
present,  if  not  always  tangible. 

Where  alternating  current  generators  are  operated  on  circuits 
having  a  constant  resistance  for  constant  conditions  of  load,  the 
disturbances  that  modify  the  form  of  the  electromotive  force  and 
current  waves  can  be  attributed  to  the  cyclic  variations  in  the 
inductance  of  the  system,  and  when  these  are  known  within  a 
fair  degree  of  approximation  the  character  of  the  wave  modifi- 
cations that  will  result  can  be  determined. 

In  the  development  of  the  experimental  results  contained  in 
this  paper  the  dynamo  was  loaded  by  inserting  sets  of  incandes- 
cent lamps  in  the  external  circuit.  A  special  point  was  made  of 
keeping  the  external  circuit  entirely  free  of  any  inductance.  The 
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current  corves  are  therefore  necessarily  proportional  to  the  elec- 
tromotive force  cnrvee.  However,  to  make  their  relative  value 
and  form  more  easy  of  appi'eeiiition,  they  have  been  plotted  and 
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are  shown  in  Plate  'A.  The  inductance  curves  of  the  coilc  that 
correspond  to  the  alternating  current  curves  are  given  in  Plate  H'. 
These  curves  were  determined  by  selecting  from  the  curves  of 
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Plates  4  and  5,  inductance  values  corresponding  to  the  instan- 
taneous values  of  the  current  curves  and  plotting  them  to  the  same 
degree  positions. 

It  is  noticeable,  owing  to  the  different  scales  used  in  plotting 
the  curves,  that  the  current  curves  seem  more  even  and  smoother 
than  the  electromotive  force  curves. 

The  inductance  curves  also  are  more  nearly  alike,  both  in  phase 
and  in  amplitude,  than  the  curves  given  in  Plate  3.  This  is  owing 
to  the  fact  that  the  alternating  currents  all  start  from,  and  end  at 
zero  values  when  the  coils  are  in  positions  of  slight  inductance, 
M'hile  they  attain  their  maximum  values  at  points  of  large  induc- 
tance. For  this  reason  the  average  inductance  per  cycle  of  the 
coils,  is  greater  with  an  alternating  current  flowing  in  them  than 
with  a  direct  current  of  the  same  effective  value.  The  alternat- 
ing currents,  for  analogous  reasons,  force  the  induction  curves  up 
to  the  saturation  limit  marked  by  curve  o  of  Plate  3,  more  rapidly 
than  do  the  direct  currents,  and  therefore  for  the  same  variation 
in  effective  current  strength  a  less  marked  variation  is  caused  in 
the  inductance  curves  with  these  currents.  The  curves  of  Plate 
3  certainly  lead  us  to  expect  a  greater  variation,  relatively  to  cur- 
rent intensity,  in  the  armature  inductance  when  the  armature  is  in 
actual  operation  than  that  which  is  depicted  in  Plate  10. 

It  is  a  curious  coincidence  that  the  alternating  current  induct- 
ance curves  all  cross  at  a  common  point :  namely,  at  the  164  ° 
position. 

CouNTEK  Electromotive  Force^  Curves. 

Having  the  instantaneous  current  and  inductance  curves  corre- 
sponding to  a  series  of  loads  on  the  machine,  it  was  a  compara- 
tively easy  matter  to  determine  the  curves  of  the  counter  electro- 
motive forces  developed  in  the  armature.  To  obtain  a  curve 
showing  the  cyclic  variation  of  the  induction  set  up  in  the  coils 
by  the  armature  current  it  is  only  necessary  to  plot  the  products 
of  the  ordinates  of  corresponding  points  on  corresponding  current 
and  inductance  curves  Such  a  set  of  curves  obtained  from  a 
combination  of  the  curves  of  Plates  9  and  10  are  given  in  Plate  11. 

If  N  represents  the  total  flux  that  is  induced  in  both  coils  by 
the  armature  current,  divided  by  10* ;  l  represents  the  inductance 

1.  In  this  paper  the  term  '*  counter  e.  m.  f."  is  used  to  indicate  the  e.  m.  k. 
which  added  to  the  eflPective  E.  M  F.  will  equal  the  fundamental  K.  m.  f.  The 
counter  e.  m.  f.  is  therefore  equal  and  opposite  to  the  inductance  e.  m.  f..  or  the 
E.  M   f.  of  self-induction. 


Q0LD8B0R0OOH  Olf  ARMATURE  INUUOTAKCB  .[July  37. 


of  the  coils  connected  in  aeries  in  henrys ;  ti  represents  the  total 
number  of  turns  (572)  of  wire  in  both  armature  coile;  and  a 
represents  80  per  cent,  of  the  gross  area  of  the  armature  core 
iuside  the  coils,  or  11  sq.  cms. 

Then  the  induction  per  sq.  cm.  in  the  coils  due  to  the  armature 
current  will  equal, 

—  ^}^  =  15892  X  JV. 


B-. 


i'i) 


1*1.  ATE  10. 

Thig  equation  gives  the  constant  (15892)  that  must  bu  applied 
to  the  scale  of  ordinates  in  Plates  II,  12  and  13  to  deterutine  the 
actual  core  densities  induced  by  the  armature  currents. 

A^ain,  if  i  represeiitfi  the  instantaneous  value  of  the  annnture 
current, 

J' =/,.•.  (3) 

and 

<?  .V  =  /;  X  f/  *  -h  *  X  d  /.,  (+> 
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since  l  is  a  variable.     Tlierefore,  the  counter  electromotive  force 
develo[)ed  in  tbe  coile  equals 

In   Plates  9,  10  and   11,  we  liave  tbe  necessarj  curree  for  de- 


n  lai  i«  lau  ia>  1 
Plate  11. 

termining  tlie  instantaneous  values  of  the  counter  electromotive 
force  corresponding  to  any  degree  position  by  applying  the  prin- 
ciples nnderlying  either  of  the  above  expressions.  Both  methods 
were  used  and  were  found  to  check  within  narrow  limits.  In 
Plates  12  and  13,  the  curves  marked  a  have  been  taken  from 
Plate  11.     Tbe  ordinatea  of  the  curves  marked  b  are  eiual  to  tUe, 


OOLDSBOIiOUGH  ON  ARMATUUE  INDUCTAKCB.  [July  2T, 


tangents  of  the  angles  made  witti  the  horizontal  axis  by  lines 
■drawn  tangent  to  tlio  a  curves  at  the  extremities  of  corresponding 
ordinates.  The  b  curves  are  the  calculated  curves  of  counter 
electromotive  force  developed  in  the  armature.  The  dotted 
curves  were  obtained  by-  subtracting  curves  d  and  e  of  Plate  6 


0  »)  1110  iM)  i:u  Kid  ]jo  I. 

Pl*te  12. 

from  curve  A  of  Plate  6.  On  the  assumption  that  the  funda- 
mental electron) otivo  force  wave  of  the  machine  doee  not  cliange 
with  the  load,  the  dotted  curve  should  aluo  represent  the  counter 
electromotive  furc«  curve  of  the  armature,  and,  in  fact,  the  two 
«ur\-e8  should  coincide.     Plate  12  representa  the  poorest,  and 
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Plate  13  one  of  the  best  reenlte  obtained  from  the  application  of 
this  construction  to  each  of  the  five  sets  of  curves  taken  from  th& 
dynamo.  When  the  fact  is  taken  into  account  that  the  induc- 
tance of  the  coils  was  determined  when  the  armature  was  at  rest^ 
the  likeness  between  the  dotted  and  the  full  curves  is  quite  re- 
markahle,  and  apparently  justifies  the  assumptions  that  have 
been  made.     The  counter  electromotive  force  curves  are  higlily 


i 
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irregular  in  form.  They  oscillate  fn>in  the  jiosittve  to  the  nega- 
tive vJilue  twice  in  a  period  instead  of  once,  and  are  generally 
useful  in  filliiij;  up  gaps.  As  shown,  the  curves  represent  the 
halves  of  one  of  the  positive  and  of  one  of  the  negative  loops; 
in  other  words,  the  half  period  of  the  curves  lies  l)etween  the 
320"  and  ITd''  positions,  and  not  between  the  50°  and  230"  posi- 
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tions.    This  will  be  made  more  evident  by  a  reference  to  curve  c 
of  Plate  18. 

Tbe  trbole  seriee  of  inductaDce  curves,  a&  obtained  by  tbe  sub- 
tractiou  method,  are  plotted  in  Plate  H.  This  aseemhlaj^e  shows 
that  the  curves  follow  one  another  in  rtgulir  order  in  spite  of 
their  lath  of  aymvietry,  and  it  le  lutereetiii^  to  note  the  receding 
of  one  and  the  building  up  of  another  "  hump  m  these  curves 
aa  illustrated  at  the  lower  left  hand  edge  of  the  sheet 


Plate  15  represeutfi  another  phase  of  the  i^ubject.  The  curv' 
traced  in  the  fine  black  lines  are  the  results  of  adding  the  calcu- 
lated electromotive  force  curves  determined  by  the  means  illus- 
trated in  Plates  12  and  13,  to  the  correspoiKling  effective  oi 
ternal  electromotive  force  curves  of  Plnte  ti.  They  shmv  the 
result  of  an  attempt  to  work  back  from  the  effective  electnunotive 
force  curves,  or  from  the  wave  form  of  electron lotivc  fore 
Appearing  at  the  collector  rings  when  the  machine  is  loiulcd,  to 
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the  fundamental  electromotive  force  wave  or  the  electromotive 
force  wave  appearing  at  the  collector  rings  when  the  machine  is 
running  on  open  circuit. 

The  curve  a,  reproduced  on  this  plate  for  compariBou  with  the 
curves  juet  mentioned,  is  the  same  as  curve  a  of  Plate  6.  'Ihe 
agreement  between  the  curves  is  marked.  The  derived  curves 
show  the  greatest  departure  from  the  fundamental  curve  early 
in  the  cycle,  between  the  70°  and  the  110°  positions.  This 
is  due  to  the  fact  that  tlie  initial  "hump"  at  the  90°  posi- 
tion of  the  induction  curves  was  not  developed  with  sufficient 
«are.     A  very  slight  change  in  tho  contour  of   the  indnction 
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curves  at  this  point  makes  a  great  difference  in  the  form  of  the 
counter  electromotive  force  curves,  owing  to  its  effect  in  altering 
the  direction  of  the  tangents  drawu  to  the  magnetization  curves 
of  Plate  1 1 .  On  the  whole  the  likeness  between  the  curves  is 
well  within  tlie  limits  of  tlie  errors  of  observation. 

Dkrivation  ok  Cukkent  Curvem. 

Another  interosting  set  of  curves  is  shown  in   Plate  Ifl.     The 

success  attained  in  working  out  the  counter  electromotive  force 

curves,  led  to  a  scries  of  calculations  to  deternune  to  what  extent 

tlie  form  of  the  current  curves  was  intluenced  by  the  shifting  of 
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the  phase  of  the  indnctance  curves  with  the  load.  To  this  end 
an  average  of  the  inductance  waves  \,  b,  c,  d  and  e  of  Plate  <t 
was  taken  to  repreeent  the  average  inductance  w&ve  of  the  anna- 
tare  for  all  loads.  This  cnrve  is  shown  as  curve  b  of  plate  Hi. 
With  this  carve  and  the  fundamental  electromotive  force  wave  a, 
forming  a  basis  for  calculation,  the  current  that  will  flow  with  any 
given  reaiatance  in  the  circuit  can  be  readily  determined,  provided 
that  the  curve  b  is  taken  to  represent  all  of  the  variations  that 
occur  in  the   armature  inductance.'     The  relation  existing  be- 


tween the  impressed  electromotive  force,  the  current  and  induc- 
tance in  any  alternating  current  circuit  similar  to  Hie  one  under 
discussion  is  expressed  by  the  equation 

1  V  X  io-\ 


There  <■ 
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values  of  tlie  impressed  potential,  current,  and  the  magnetic  flux 
induced  by  the  current,  and  R  is  the  resistance  of  the  circuit. 

Since  N  =  L  i^  as  above,  (see  equation  1),  in  tlie  present  case 
we  have : 


'        di.  dt 


(7) 


Then, 


'  (" + ") = 


and 


%  = 


("+")  (^+") 


r  d  i 


L  di 

""""   ^  dt 


(8) 


f9) 


By  applying  this  formula  to  the  curves  of  Plate  10,  and  follow- 
ing out  a  graphical  construction,  the  successive  instantaneous 
values  of  the  current  were  finally  determined,  although  in  accom- 
plishing this  result  the  current  curve  k,  which  was  the  outcome 
of  the  process,  had  to  be  carried  through  successive  cycles  until  it 
repeated  itself. 

The  vahiesof  I      --)  were  taken  from  curve  b.     The  ordinates 

of  the  curve  a  were  then  divided  by  the  corresponding  values  of 

/i*-]-  -_^j  and  these  quotients,  when  plotted,  gave  the  curve  e 
d  t  • 

Next,  referring  still  to  Plate  If),  a  point,  as  for  instance  j!>',  was 

taken,  that  was  thought  to  lie  near  the  current  curve,  and  the 

line  {p'  /•')  drawn.     From  (/•')  the  line 


^  dt 


(10) 


was  laid  off  and  {»'  2>')  drawn.     Now  from  the  assumed  position 
ofy. 

J)  r    _         p  I'  _  a  t 


r  «' 


i?  + 


d_Z 
dt 


di' 


(11) 


and  {p'  s')  established  the  direction  of  the  current  curve,  since 
from  equation  (9), 


^'+ii 


J 


d_! 
d't 


^+ 


d  L 
dt 


—  <, 


08) 
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and 


di  _  dt 

dt 


■I 


dt 


(13) 


and  therefore, 


{p'  r')  approximated  the  value  of ^'        —  i,         - . 

dt 

By  taking  another  \)omip  on y;'  s',  and  continuing  the  construc- 
tion, a  chain  made  up  of  short  lengths  p'  p  was  obtained  which 
ultimately  developed  into  the  periodic  wave  c,  for  which  the 
values  of 

a  t 

The  graphical  construction  used  is  not  new.  It  is  an  adaptation 
of  one  of  Dr.  Sumpner's*  uniijue  methods  of  treating  alternating 
current  problems,  and  I  have  developed  it  here  simply  as  a  matter 
of  interest  in  connection  with  the  discussion. 

Returning  to  the  curves,  it  is  noticeable  that  the  dotted  curve 
c  resembles  the  current  curves  of  Plate  9  very  closely.  Compar- 
ing it  with  curve  d,  which  is  a  current  curve  taken  from  the 
machine,  with  55  ohms  resistance  in  the  complete  circuit,  the 
chief  difference  noticed  is  that  the  right  hand  peak  of  the  dotted 
curve  is  a  little  high,  and  the  left  hand  peak  a  little  low,  and 
that  the  curve  as  a  whole  is  somewhat  depressed  below  the  curve 
D.  The  differences  between  the  curves  are,  however,  not  very 
marked.  They  result  largely  from  the  curve  b  having  a  less  am- 
plitude and  smaller  slope  than  the  alternating  current  inductance 
curves  of  Plate  8,  since  it  is  derived  from  the  direct  current  induc- 
tance curves  of  Plate  3. 

The  construction  indicates  a  method  that  can  be  employed  with 
success  in  determining  before  the  machines  are  built,  the  wave 
forms  that  will  be  developed  by  alternators.  It  is  possible  to 
predetermine  the  fundamental  electromotive  force  and  in- 
ductance waves  of  an  alternator,  by  the  application  of  modern 

1.  Dr.  W.  E.  Sumpiier,  PMlosophieal  Magazine^  June,  1887,  p.  470. 
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methods  of  design,  and  from  these  the  load  curves  and  armature 
reactions  can  be  ascertained  by  processes  analogous  to  those 
shown  here. 

I  f  in  the  present  case  it  had  been  desired  to  calculate  the  actual 
current  curv^e  with  great  exactness,  an  extension  of  the  method 
used  could  have  been  employed.  This  elaboration  necessitates 
taking  the  inductance  values  from  Plates  4  and  5,  as  each  point 
on  the  current  curve  is  fixed.  The  process  represents  a  refine- 
ment, however,  that  is  hardly  warranted  in  view  of  the  good 
approximations  resulting  from  the  use  of  the  less  tedious  plan. 

OVKR-COMPODNDING. 

It  was  noticed  during  the  test  that  the  armature  reaction  caused 
an  increase  in  the  total  eflEective  potential  for  certain  ranges  of 
load. 

This  phenomenon  has  been  noted  by  other  writers,  and  in  his 
paper  before  the  Institute,  alrea<ly  referred  to,  Steinmetz  has 
pointed  out  an  explanation  for  it.  Curve  a  of  Plate  17  is  the 
external  characteristic  of  the  dynamo,  with  constant  field  excita- 
tion, and  coils  1  and  2  alone  in  action.  The  curve  was  plotted 
from  the  readings  of  a  Weston  voltmeter  and  a  Siemens  dynamom- 
eter connected  in  the  external  circuit.  The  load  was  a  non- 
inductive  one,  and  the  speed  of  the  dynamo  averaged  1,450 
r.  p.  m.,  which  is  equivalent  to  a  frequency  of  a  little  over  24 
periods  per  secon<l. 

The  line  r  represents  by  its  slope  the  resistance  of  the  two 
coils,  and  curve  b,  which  was  obtained  from  the  sum  of  the 
ordinates  of  the  curves  a  and  r,  is  the  total  effective  e.  m.  f. 
characteristic  of  the  coil.  It  will  be  noticed  that  the  curve  b 
shows  an  over-compounding  effect  up  to  a  load  of  7  amperes,  and 
that  the  total  effective  e.  m.  f.  was  a  maximum  for  a  current  of 
4  amperes  in  the  coils. 

Tlie  term  ''  armature  reaction,"  as  used  above,  is  not  intended 
to  convey  the  idea  tliat  the  current  in  the  coils  has  any  effect  in 
varying  or  modifying  the  intensity  of  the  flux  ])assiug  through 
the  field  spools.  The  influence  of  the  m.  m.  f.  of  the  coils  is 
purely  a  loc^l  one,  and  the  paths  traversed  by  the  flux  which  it 
induces  are  confined  to  the  Hir-ga])S,  poles  and  armature  core. 
The  influence  of  the  armature  inductance  upon  the  flux  density 
in  the  cores  of  the  field  spools  is  negligible,  as  a  careful  explora- 
tion established  the  fact  that  the  field  current  was  perfectly  con- 
stant. 
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The  compounding  action  of  tlie  armature  currents  in  augment- 
ing the  effective  voltage  is  a  matter  with  which  you  are  doubtless 
familiar.  Aa  a  matter  of  interest,  however,  and  in  order  to  pre- 
sent a  better  picture  of  the  wave  forms  involved,  a  series  of  curves 
has  been  plotted,  that  includes  the  power  curves,  and  enahles  us  to 


more  readily  appreciate  the  cycle  of  events  that  combine  to  pro- 
duce this  result.  In  Plate  IS.  curve  a  \e-  the  fiindanicnta!  i-:  m.  f. 
wave;  curve  it  is  the  total  effective  k,  m.  k.  wave  and  also  ropre- 
eente  the  instantaneous  valuer  of  the  current ;  and  curve  r  is  the 
eonnter  e.  m.  f.  wave,  ('nrve  u  is  the  ])ower  curve  of  the  nia- 
t'liine  determined  by  taking  the  product  of  the  corres]x>iiding  in- 
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stantaneous  values  of  tlie  current  and  the  fundamental  e.  m.  f. 
curve.  Curve  e  is  a  power  curve  obtained  by  taking  the  product 
of  the  corresponding  values  of  the  current  and  the  counter  e.  m.f. 
The  power  curve  of  the  total  power  developed  by  the  machine, 
and  which  is  proportional  to  the  product  of  the  corresponding 
values  of  the  current  and  effective  e.  m.  f.  curves,  is  not  plotted, 
as  its  ordinat^s  are  proportional  to  the  s(]uare  of  those  of  curve  b, 
and  equal  to  the  vertical  distances  intercepted  between  the  power 
curves  d  and  e. 

It  will  be  noticed  that  the  power  area  inclosed  between  the 
curve  E  and  the  base  line  changes  sign  four  times  in  a  complete 
period,  owing  to  the  irregular  form  of  the  curve  c,  and  that  the 
sum  of  its  positive  and  negative  areas  is  not  zero,  but  equal  to  a 
negative  quantity. 

Positive  work  done  by  the  counter  e.  m.  f.  indicates  power  ab- 
sorbed from  the  circuit.  The  energy  consuujed  in  overcoming 
the  hysteresis  and  eddy  current  losses  in  transformer  cores  is  a 
familiar  example  of  this  fact.  Negative  work  performed  by  the 
counter  e.  m.  f.  in  the  same  way  represents  power  given  to  the 
circuit.  In  the  present  instance  the  negative  area  is  due  to  a 
peculiar  combination  of  irregular  wave  forms,  involving  the  in- 
ductance curve,  the  current  curve,  the  curve  of  the  magnetism 
inducing  the  counter  e.  m.  f.,  and  the  curve  of  counter  e.  m.  f. 
The  peaks  of  all  the  curves  are  shifted  more  and  more  in  the  di- 
rection of  rotation  as  the  load  comes  on,  but  some  are  given  a 
greater  displacement  than  others.  The  peak  of  the  current  curve, 
for  instance,  lags  behind  the  peak  of  the  inductance  curve.  In 
other  words,  the  current  is  a  maximum  when  the  inductance  is 
least.  This  results  in  the  production  of  a  wave  of  m.  m.  f  of 
self-induction  that  is  in  advance  of  the  current,  and  that  produces 
a  wave  of  magnetism  in  the  coils  which  reaches  a  maximum  mid- 
way between  the  peaks  of  the  inductance  and  current  curves'. 
These  phase  relationships  c^n  be  followed  out  by  comparing 
Plates  10,  9  and  11.  The  wave  of  inductance  magnetism  (curve 
A,  Plate  11)  induces  a  curve  of  inductance  e.  m.  f.  that  has  an 
effective  phase  displacement  behind  the  current  wave  of  less  than 
JM)^.  This  makes  the  effective  phase  displacement  of  the  c<Minter 
E.  M.  F.  curve  (curve  c,  Plate  Pi,  and  curve  c,  Plate  is)  more  than 
90^  in  advance  of  the  current  curve,  and  therefore  the  product  of 
the  instantaneous  values  of  the  counter  e.  m.  f.  and  current  cui  ves 
gives  a  power  curve  having  an  excess  negative  area.     It  is  rather 
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difficult  to  estimate  the  phase  position  of  a  wave  that  has  an  out- 
line as  irregular  as  that  of  the  curve  c  of  Plate  18,  but  it  is  best 
approximated  by  noting  the  location  of  its  greatest  positive  area, 
and  this,  in  the  case  in  hand,  is  early  in  each  half  period. 

Conclusions. 

An  inspection  of  curves  b  and  d  of  Plate  18  shows  that  any 
decrease  in  the  maximum  slant  of  the  curves  of  Plate  11  will  de- 
crease the  amplitude  of  the  200*^  peaks  of  tiie  counter  e.  m.  f. 
curves,  and  thereby  decrease  their  form  factors,  and  at  the  same 
time  decrease  the  form  factors  of  the  effective  e.  m.  f.  curves. 
This  is  what  occurs  in  the  case  of  curve  n  of  Plate  11,  ownng  to 
the  great  amplitude  of  the  inductance  loop  for  a  value  of  the  cur- 
rent of  two  amperes,  which  also  accounts  for  the  drop  in  the 
"  form  factor  curve  "  of  Fig.  6.     This  curve  represents  the  form 
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Fig.  6. 

factors  of  the  k.  m.  f.  curves  of  Plate  6,  and  of  the  current  curves 
of  Plate  9,  plotted  relatively  to  the  virtual  value  of  the  current 
flowing  in  the  coils  at  the  time  the  curves  were  taken.  The  form 
factors  have  been  calculated  according  to  Fleming's'  definition, 
which  is  that  the  form  factor  equals  the  ratio  of  the  square  root 
of  the  mean  square  of  the  ordinates  of  the  wave  to  the  true  mean 
ordinate  of  the  w^ave. 

The  influence  of  the  inductance  of  the  coils  upon  the  form 
factor  can  best  be  appreciated  by  looking  at  the  curves  of  Plate 
1<>.  They  all  have  the  same  width  of  base,  but  vary  in  ampli- 
tude, and  necessarily  other  things  being  e<|ual,  produce  counter 
E.  M.  f.  curves  having  the  snjallest  form  factors  when  currents 
which  are  favorable  to  a  large  armature  inductance  are  flowing 
in  the  coils. 


1.  J.  A.  Flerninjc,  **Tht'  Form  Factor  of  Altornnle  Current  Curves."  London 
BUetriciiin,  vol.  xxxvi.,  \\.  888. 
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tione.     This  will  be  made  more  evident  hy  a  reference  to  curve  o 
of  Plate  18. 

The  whole  series  of  induct&Dce  curves,  as  obtained  by  tlie  sub- 
traction metliod,  are  plotted  in  Plate  14.  This  assemblage  shows 
that  the  curves  follow  one  another  in  regular  order  in  spite  of 
their  lack  of  symmetry,  and  it  is  interesting  to  note  tlie  receding 
of  one  and  the  building  up  of  another  "  hump  "  in  these  cnrvea, 
as  illustrated  at  the  lower  left  band  edge  of  the  sheet. 


Plate  15  represents  another  phase  of  the  subject.  The  curveH 
traced  in  the  fine  black  lines  are  the  results  of  adding  the  (»lcn- 
lated  electromotive  force  curves  delermined  by  the  means  illus- 
trated in  Plates  12  and  13,  to  the  corresponding  ctfeetive  or  ex- 
ternal electromotive  force  curves  of  Plate  <!,  They  show  the 
result  of  an  attempt  to  work  back  from  the  effective  electromotive 
force  curves,  or  from  the  wave  form  of  eleetitmiotivi'  force 
appearing  at  the  collector  rings  when  the  machine  is  loaded,  to 
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tlie  fundamental  electromotive  force  wave  or  the  electromotive 
force  wave  appearing  at  the  collector  rings  when  the  machine  ia 
running  on  open  circuit. 

The  curve  a,  reproduced  on  this  plate  for  comparison  with  the 
curves  just  mentioned,  is  the  same  as  curve  a  of  Plate  6.  'Ihe 
agreement  between  the  curves  is  marked.  The  derived  carves 
show  tlie  greatest  departure  from  the  fundamental  curve  early 
in  the  cycle,  between  the  70°  and  the  110°  positions.  This 
is  due  to  the  fact  that  the  initial  "hump"  at  the  90°  posi- 
tion of  the  induction  curves  was  not  developed  with  sufficient 
care.     A  very  slight  change   in   the  contour  of   the  induction 


Platr  15. 

curves  lit  this  point  makes  a  great  difEerence  in  the  form  of  the 
counter  electromotive  force  curves,  owing  to  its  effect  in  altering 
tiie  direction  of  the  tangents  drawn  to  the  magnetization  curvea 
of  Plate  11.  On  the  whole  the  likeness  between  the  curves  is 
well  within  (he  limits  of  the  errors  of  observation, 

Deeivatios  of  Cckrent  Corvkh. 

Another  interesting  set  of  curves  is  shown  in  Plate  IC.     The 

success  attained  in  working  out  the  counter  electromotive  force 

curves,  led  to  a  scries  of  calculations  to  determine  to  what  extent 

the  form  of  the  current  curves  was  intluenced  by  the  shifting  of 
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the  phase  of  the  indnctance  curves  with  tlie  load.  To  this  end 
ail  average  of  the  inductance  waves  n.,  b,  c,  d  and  e  of  Plate  A 
was  taken  to  represent  the  average  indactance  wftve  of  the  arma- 
ture for  all  loads.  This  curve  is  shown  as  curve  b  of  plate  It!. 
With  this  carve  and  the  fundamental  electromotive  force  wave  a, 
forming  a  baste  for  calculation,  the  current  that  will  flow  with  any 
given  resistance  in  the  circuit  can  be  readily  determined,  provided 
that  the  cnrve  b  is  taken  to  represent  all  of  the  variations  that 
occur  in  the   armature  inductance.'     The  relation  ctisting  be- 


tween the  impressed  electromotive  foi-oe.  the  current  luid  uiduc- 
tance  in  any  alternating  current  circuit  similar  to  the  oiiii  under 
dificuKsiim  is  expressed  by  the  equation 


■.Iii  + 


'It' 


There  •',  »  and 


(''  \  are,  i-espcctivcly,   tlit- 


1.  tftciuiiieli!.  ■■Oi 

111  thUnrticli^Ihi; 

wialogoiis  to  tliin  01 


llu'  Ijhw  of  Hysteresis. 
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values  of  the  impressed  potential,  current,  and  the  magnetic  flux 
induced  by  the  current,  and  R  is  the  resistance  of  the  circuit. 

Since  JV  =  L  ?*,  as  above,  (see  equation  1),  in  the  present  case 
we  have : 


Then, 


^        di.  dt 


(fi.dL\  J  d  i 


(7) 


and 


I  = 


(«+")  (^+") 


(8) 


^9) 


By  applying  this  formula  to  the  curves  of  Plate  10,  and  follow- 
ing out  a  graphical  construction,  the  successive  instantaneous 
values  of  the  current  were  finally  determined,  although  in  accom- 
plishing this  result  the  current  curve  e,  which  was  the  outcome 
of  the  process,  had  to  be  carried  through  successive  cycles  until  it 
repeated  itself. 

The  values  of  I     -   |  were  taken  from  curve  b.     The  ordinates 

\dt/ 

of  the  curve  a  were  then  divided  by  the  corresponding  values  of 

yj?4-  -3"5  and  these  quotients,  when  plotted,  gave  the  curve  e 
d  t 

Next,  referring  still  to  Plate  ir>,  a  point,  as  for  instance  y>',  was 

taken,  that  was  thought  to  lie  near  the  current  curve,  and  the 

line  (//  /'')  drawn.     From  (r')  the  line 


^  dt 


(10) 


was  laid  oflf  and  {a'  j/)  drawn.     Xow  from  the  assumed  position 
ofy. 

/>'  '•'  _         P'  r'  _di 


r  8' 


R  + 


dj. 

di 


dV 


(11) 


and  (^;'  s')  established  the  direction  of  the  current  curve,  since 
from  equation  (9), 


r 


«+% 


d  I 

TCt 


Ji  + 


d  L 
dt 


—  «, 


(19) 
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and 


di  _  at 

(ft  ~ 


■I 


R+ 


'  dL 


dt 


and  therefore, 

(/;'  r')  approximated  the  vahie  of Itj— = —  i.         , . 

at 

By  taking  another  point  j[>  omp'  s',  and  continuing  the  construc- 
tion, a  chain  made  up  of  short  lengths  p'  p  was  obtained  which 
ultimately  developed  into  the  periodic  wave  c,  for  which  the 
values  of 

^''''^'R'ldL~''-  (15) 

d  t 

The  graphical  construction  used  is  not  new.  It  is  an  adaptation 
of  one  of  Dr.  Sumpner's*  unicjue  methods  of  treating  alternating 
current  problems,  and  I  have  developed  it  here  simply  as  a  matter 
of  interest  in  connection  with  the  discussion. 

Returning  to  the  curves,  it  is  noticeable  that  the  dotted  curve 
c  resembles  the  current  curves  of  Plate  9  very  closely.  Compar- 
ing it  with  curve  d,  which  is  a  current  curve  taken  from  the 
machine,  with  55  ohms  resistance  in  the  complete  circuit,  the 
chief  difference  noticed  is  that  the  right  hand  peak  of  the  dotted 
curve  is  a  little  high,  and  the  left  hand  peak  a  little  low,  and 
that  the  curve  9&  a  whole  is  somewhat  depressed  below  the  curve 
I).  The  differences  between  the  curves  are,  however,  not  very 
marked.  They  result  largely  from  the  curve  h  having  a  less  am- 
plitude and  smaller  slope  than  the  alternating  current  inductance 
curves  of  Plate  8,  since  it  is  derived  from  the  direct  current  induc- 
tance curves  of  Plate  3. 

The  construction  indicates  a  method  that  can  be  employed  witli 
success  in  determining  before  the  mad  lines  are  built,  the  wave 
forms  that  will  be  developed  by  alternators.  It  is  possible  to 
predetermine  the  fundamental  electromotive  force  and  in- 
ductance waves  of  an  alternator,   by  the  application   of  modern 

1,  Dr.  W.  E.  Suinpner,  Philasophieal  Magazine,  June,  1887,  p.  470. 
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methods  of  design,  and  from  these  the  load  curves  and  armature 
reactions  can  he  ascertained  by  processes  analogous  to  those 
shown  here. 

]  f  in  the  present  case  it  had  been  desired  to  calculate  the  actual 
current  curve  with  great  exactness,  an  extension  of  the  method 
used  could  have  been  employed.  This  elaboration  necessitates 
taking  the  inductance  values  from  Plates  4  and  5,  as  each  point 
on  the  current  curve  is  fixed.  The  process  represents  a  refine- 
ment, however,  that  is  hardly  warranted  in  view  of  the  good 
approximations  resulting  from  the  use  of  the  less  tedious  plan. 

Over-Compounding. 

It  was  noticed  during  the  test  that  the  armature  reaction  caused 
an  increase  in  the  total  effective  potential  for  certain  ranges  of 
load. 

This  phenomenon  has  been  noted  by  other  writers,  and  in  his 
paper  l>efore  the  Institutk,  already  referred  to,  Steinmetz  has 
pointed  out  an  explanation  for  it.  Curve  a  of  Plate  17  is  the 
external  characteristic  of  the  dynamo,  with  constant  field  excita- 
tion, and  coils  1  and  2  alone  in  action.  The  curve  was  plotted 
from  the  readings  of  a  Weston  voltmeter  and  a  Siemens  dynamom- 
eter connected  in  the  external  circuit.  The  load  was  a  non- 
inductive  one,  and  the  speed  of  the  dynamo  averaged  1,450 
r.  p.  m.,  which  is  ecjuivalent  to  a  frequency  of  a  little  over  24 
periods  per  second. 

The  line  r  represents  by  its  slope  the  resistance  of  the  two 
coils,  and  curve  b,  which  was  obtained  from  the  sum  of  the 
ordinates  of  the  curves  a  and  r,  is  the  total  effective  e.  m.  f. 
characteristic  of  the  coil.  It  will  be  noticed  that  the  curve  b 
shows  an  over-compounding  effect  up  to  a  load  of  7  amperes,  and 
that  the  total  effective  e.  m.  f.  was  a  maximum  for  a  current  of 
4  amperes  in  the  coils. 

The  term  '*  armature  reaction,"  as  used  above,  is  not  intended 
to  convey  the  idea  that  the  current  in  the  coils  has  any  effect  in 
varying  or  modifying  the  intensity  of  the  flux  ])as8ing  through 
the  field  sjwols.  The  influence  of  the  m.  m.  f.  of  the  coils  is 
purely  a  local  one,  and  the  paths  traversed  by  the  flux  which  it 
induces  are  confined  to  the  air-gaps,  poles  and  armature  core. 
The  influence  of  the  armature  inductance  upon  the  flux  density 
in  the  cores  of  the  field  spools  is  negligible,  as  a  careful  explora- 
tion estal)lished  the  fact  that  the  field  current  was  perfectly  con- 
stant. 
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Tlie  compounding  action  of  the  armature  currentfi  in  augirient- 
ing  the  effective  voltage  is  a  matter  with  which  jou  are  douhtleas 
familiar.  Ab  a  matter  of  interest,  however,  and  in  order  to  pre- 
sent a  better  picture  of  tlie  wave  forme  involved,  a  series  of  curves 
has  been  plotted,  that  includes  tlie  power  eurvee,  and  enables  ue  to 


more  readily  appreciat<?  the  cycle  nf  events  that  combine  to  pro- 
duce this  result.  In  Plato  IS.  curve  a  i*-  the  fiindanientii!  k  m.  f. 
wave;  cnrve  b  is  the  total  etfet'tive  v..  m.  f.  wave  and  al<;<i  repre- 
sents the  instantaneous  values  of  the  current ;  and  curve  c  i>  the 
coanter  k.  m.  f.  wave.  Curve  n  h  the  power  curve  of  the  tna- 
cbine  determined  by  taking  the  product  of  the  corres^ionding  in- 
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stantaneous  values  of  the  current  and  the  fuudaiuental  e.  m.  f. 
curve.  Curve  e  is  a  power  curve  obtained  by  taking  the  product 
of  the  corresponding  values  of  the  current  and  the  counter  e.  m.  f. 
The  power  curve  of  the  total  power  developed  by  the  machine, 
and  which  is  proportional  to  the  product  of  the  corresponding 
values  of  the  current  and  effective  e.  m.  f.  curves,  is  not  plotted, 
as  its  ordinates  are  proportional  to  the  square  of  those  of  curve  b, 
and  equal  to  the  vertical  distances  intercepted  between  the  power 
curves  d  and  e. 

It  will  be  noticed  that  the  power  area  inclosed  between  the 
curve  E  and  the  base  line  changes  sign  four  times  in  a  complete 
period,  owing  to  the  irregular  form  of  the  curve  c,  and  that  the 
sum  of  its  positive  and  negative  areas  is  not  zero,  but  equal  to  a 
negative  quantity. 

Positive  work  done  by  the  counter  e.  m.  f.  indicates  power  ab- 
sorbed from  the  circuit.  The  energy  consunied  in  overcoming 
the  hysteresis  and  eddy  current  losses  in  transformer  cores  is  a 
familiar  example  of  this  fact.  Negative  work  performed  by  the 
counter  e.  m.  f.  in  the  same  way  represents  power  given  to  the 
circuit.  In  the  present  instance  the  negative  area  is  due  to  a 
peculiar  combination  of  irregular  wave  forms,  involving  the  in- 
ductance curve,  the  current  curve,  the  curve  of  the  magnetism 
inducing  the  counter  e.  m.  f.,  and  the  curve  of  counter  e.  m.  f. 
The  peaks  of  all  the  curves  are  shifted  more  and  more  in  the  di- 
rection of  rotation  as  the  load  comes  on,  but  some  are  given  a 
greater  displacement  than  others.  The  peak  of  the  current  curve, 
for  instance,  lags  behind  the  peak  of  the  inductance  curve.  In 
other  words,  the  current  is  a  maximum  when  the  inductance  is 
least.  This  results  in  the  production  of  a  wave  of  m.  m.  f  of 
self-induction  that  is  in  advance  of  the  current,  and  that  produces 
a  wave  of  magnetism  in  the  coils  which  reaches  a  maximum  mid- 
way between  the  peaks  of  the  inductance  and  current  curves'. 
These  phase  relationships  can  be  followed  out  by  comparing 
Plates  10,  9  and  11.  The  wave  of  inductance  magnetism  (curve 
A,  Plate  11)  induces  a  curve  of  inductance  e.  m.  f.  that  has  an 
effective  phase  displacement  behind  the  current  wave  of  less  than 
i^U"^.  This  makes  the  effective  phase  displacement  of  the  counter 
E.  M.  F.  curve  (curve  c,  Plate  12,  and  curve  c,  Plate  is)  more  than 
90®  in  advance  of  the  current  curve,  and  therefore  the  [)n)ductof 
tlie  instantaneous  values  of  the  counter  e.  m.  f.  and  current  eui  ves 
gives  a  power  curve  having  an  excess  negative  area.     It  is  rather 
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(JiiRcult  to  estimate  the  phase  position  of  a  wave  that  has  an  out- 
line as  irregular  as  that  of  the  curve  c  of  Plate  l?^^  but  it  is  best 
approximated  by  noting  the  location  of  its  greatest  positive  area, 
and  this,  in  the  case  in  hand,  is  early  in  each  half  period. 

( 'ONCLUSIONS. 

An  inspection  of  curves  b  and  n  of  Plate  18  shows  that  any 
decrease  in  the  maximum  slant  of  the  curves  of  Plate  11  will  de- 
crease the  amplitude  of  the  200*^  peaks  of  the  counter  e.  m.  f. 
curves,  and  thereby  decrease  their  form  factors,  and  at  the  same 
time  decrease  the  form  factors  of  the  effective  k.  m.  f.  curves. 
This  is  what  occurs  in  the  case  of  curve  n  of  Plate  11,  owing  to 
the  great  amplitude  of  the  inductance  loop  for  a  vahie  of  the  cur- 
rent of  two  amperes,  which  also  accounts  for  the  drop  in  the 
'*  form  factor  curve  ''  of  Fig.  6.     This  curve  represents  the  form 


I     I  _  AMPERES.! 
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factors  of  the  k.m.  f.  curves  of  Plate  6,  and  of  the  current  curves 
of  Plate  9,  plotted  relatively  to  the  virtual  value  of  the  current 
flowing  in  the  coils  at  the  time  the  curves  were  taken.  The  form 
factors  have  been  calculated  according  to  Fleming's  ^  definition, 
which  is  that  the  form  factor  equals  the  ratio  of  the  square  root 
of  the  mean  square  of  the  ordinates  of  the  wave  to  the  true  mean 
ordinate  of  the  wave. 

The  influence  of  the  inductance  of  the  coils  upon  the  form 
factor  can  best  be  appreciated  by  looking  at  the  curves  of  Plate 
li>.  They  all  have  the  same  width  of  base,  but  v«rv  in  ampli- 
tude, and  necessarily  other  things  being  equal,  produce  counter 
E.  M.  F.  curves  having  the  smallest  form  factors  when  currents 
which  are  favorable  to  a  large  armature  inductance  are  flowing 
in  the  coils. 


1.  J.  A.  Pleniinjc,  "The  Foriri  Factor  of  AlteniHte  Current  Curves."  L<»niloii 
Eteetrieum,  vol.  xxxvi.,  p.  888. 
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It  is  noticeable  that  the  right  sides  of  the  curves  of  Plate  10 
all  have  the  same  slant.  They  therefore  produce  counter  e.  m.  f. 
loops,  having  similar  shapes  (see  Plate  14).  On  the  other  hand, 
the  left  sides  of  these  curves  vary  in  shape,  owing  to  variations 
in  the  reluctance  at  this  part  of  the  cycle.  Greater  variations, 
therefore,  occur  in  the  instantaneous  values  of  the  counter  e.  m.  f. 
induced  in  this  part  of  the  cycle  than  in  the  former  i)art,  with 
the  result  of  increasing  the  form  factor  where  the  induction  curves 
corresponding  to  the  current  curves  are  relatively  low  and  broad, 
and  of  decreasing  the  form  factor  of  the  counter  e.  m.  f.  curves 
where  the  inductance  curves  are  narrow  and  high. 

Again,  since  the  maximum  peak  of  the  effective  k.  m.  f.  curve 
is  opposite  in  sign  and  position  to  the  leading  peak  of  the  corres- 
ponding counter  k.  m.  f.  curve,  and  since  the  sum  of  these  peaks 
must  not  be  greater  than  the  adjacent  i>eak  of  the  fundamental 
K.  M.  F.  wave,  we  see  that  an  increase  in  the  form  factor  of  a 
counter  e.  m.  f.  curve  causes  an  increase  in  the  form  factor  of  the 
corresponding  effective  e.  m.  f.  curve,  and  vice  versa.  That  the 
clianges  in  the  form  factor  of  the  effective  e.  m.  f.  curves  are  ap- 
proximately directly  proportional  to  the  mean  width  of  the  in- 
ductance loops,  and  inversely  proportional  to  the  amplitude  of 
the  inductance  l()()])s.  These  conclusions  are  amply  sustained  by 
the  data  presented. 

The  variations  that  take  place  in  the  value  of  the  armature 
inductance  when  the  load  is  increased,  leaxl  us  to  expect  that  there 
is  a  proportionally  greater  increase  in  the  value  of  the  counter 

E.  M.  F.  as  the  current  i)asses  2  amperes  in  value.  An  accelerated 
increase  in  the  counter  e.  m.  f.  would  have  the  effect  of  making 
the  compounding  proportionally  greater,  for  it  would  add  a  pro- 
portionately greater  amount  of  energy  to  the  circuit,  owing  to  the 
fact  that  although  the  ampHtude  of  the  counter  e.m.  f.  is  increased, 
its  phase  position  remains  practically  the  same.  That  a  positive 
acceleration  does  occur  in  the  rate  of  increase  of  the  counter  e.  m. 

F.  is  true,  and  also,  that  this  is  followed  by  a  negative  acceleration. 
The  value  of  the  counter  e.  m.  f.  depends  upon  the  intensity  of 
the  current,  and  increases  as  the  current  increases.  It,  however, 
does  not  increase  at  a  rate  that  is  proportional  to  the  rate  of  in- 
crease of  the  avemge  intensity  of  the  current,  for  its  value  also 
depends  up<jn  the  armature  inductance  which  fii'st  increases  to  a 
maximum  and  then  decreases,  as  is  shown  by  the  curves  of  Plate 
10.   We,  therefore,  find  that  as  the  average  intensity  of  the  arma- 
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ture  ciirreut  is  uniformly  increased,  the  counter  e.  m.  f.  experiences 
a  proportionally  greater  rate  of  increase  up  to  a  certain  point  and 
that  after  this  point  is  passed,  its  rate  of  increase  is  diminished. 

This  means  that  as  the  load  comes  on,  the  value  of  the  effective 
electromotive  force  increases  above  the  value  of  the  fundamental 
wave  for  a  time.  For  from  the  relative  positions  of  the 
highest  peaks  of  the  curves  u  and  c  of  Plate  11,  it  will  be  evident 
that  any  increase  in  the  virtual  value  of  the  counter  e.  m.  f. 
will  cause  the  virtual  value  of  the  effective  e.  m.  f.  to  increase 
also,  and  anv  increase  in  the  virtual  value  of  the  effective 
E.  M.  f.  above  the  virtual  value  of  the  fundamental  wave  of 
B.  M.  F.  raises  the  potential  at  the  brushes.  The  fact  that 
the  virtual  value  of  the  effective  e.  m.  f.  finallv  falls  below  that 
of  the  open  circuit  e.  m.  f  is  due  to  the  ultimate  gradual  decline 
in  the  armature  inductance  wave  and  a  consequent  change  in  the 
form  of  the  counter  e.  m.  f.  magnetization  curve,  which  reduce 
the  amplitude  of  the  leading  peaks  and  augment  the  amplitudes 
of  the  trailing  peaks  of  the  counter  e.  m.  f.  curves.  This  effect 
is  apparent  in  curves  d  and  e  of  Plate  14. 

As  exemplified  in  the  curves  of  Plate  7,  we  lind  that  the  maxi- 
mum induction  threading  the  armature  coils  occurs  when  the 
form  factor  is  least,  and  the  armature  inductance  greatest.  Again, 
the  analysis  of  the  forces  involved  shows  us  that  the  point  f  on 
the  form  factor  curve  of  Fig  0,  and  the  point  t  on  the  "  b  it  h 
curve"  of  Fig.  5,  are  intimately  connected. 

The  double  role  played  by  the  permeability  of  the  iron  of  the 
armature  core  and  pole-pieces,  and  the  importance  that  may  be 
attached  to  the  permeability  of  the  iron  under  favorable  condi- 
tions is  forcibly  brought  to  our  minds.  We  are  enabled  to  see  a 
little  more  clearly  the  complex  relations  of  the  interlinked  forces 
that  act  and  react  upon  one  another  in  the  conflict  of  the  air-gaps, 
and  there  is  established  a  basis  for  the  analysis  of  a  pr()l)Iem  that 
has  been  more  or  less  obscure. 

Purdue  Univendty,  Lafayette,  Ind. 
June,  1897. 
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Discussion. 

The  Chairman  [Vice  President  Steinmetz] : — This  paper  has 
been  very  interesting  to  me  in-so-far  as  it  gives  one  of  the  various 
effects  talcing:  place  in  the  armature  of  an  alternator  separate  from 
the  others.  Here  we  have  an  alternator  having  a  very  strong  self- 
induction  in  the  armature,  with  practically  no  armature  reaction, 
that  is  no  magnetizing  effect  of  the  armature  on  the  magnetic 
field.  You  see  here  separate  from  all  the  other  effects  that  of  the 
self-induction  and  of  the  variation  of  self-induction.  A  very 
interesting  feature  is  that  the  self-induction  under  these  circum- 
stances is  not  a  wattless  electromotive  force,  but  that  there  exists 
an  energy  component  of  self-induction.  Thus  this  paper  brings 
experimental  facts  for  a  feature  to  which  I  drew  attention  some 
time  ago,  that  under  such  circumstances  an  alternator  without  field 
excitation  can  yield  electric  power  by  the  energy  component  of 
self-induction  or  can  run  as  a  synchronous  motor,  the  energy  com- 
ponent of  self-induction  yielding  mechanical  power.  I  may  remark 
that  besides  this  self-induction  discussed  here,  the  main  phenom- 
enon taking  place  under  load  in  an  alternator  is  armature  reac- 
tion ;  that  IS  the  magnetic  action  of  the  armature  currents  on  the 
magnetic  circuit,  and  under  circumstances  a  fluctuation  of  the 
magnetic  reluctance  of  the  field.  In  modern  alternators  usually 
armature  reaction  preponderates  over  the  self-induction  of  the 
armature  to  such  an  extent  that  very  frequently  the  armature 
reaction  is  three  or  four  times  larger  than  the  effect  due  to  the 
armature  self-induction.  Mostly,  however,  the  self-induction  is  a 
very  important  factor  also,  and  is  dealt  with  very  completely  here. 

Mr.  Uano  S.  Dunn  : — It  is  not  quite  appropriate  to  the  paper, 
but  I  have  been  interested  in  making  measurements  of  tlie  self- 
induction  of  direct  current  armatures,  and  if  Prof.  Goldsborough 
has  made  any  observations  on  the  self-induction  of  a  coil  in  the 
neutral  space  and  under  a  pole-piece,  it  would  be  very  interesting 
if  he  would  state  what  he  finds  the  relative  self-inductions  to  be. 

Pkof.  Goldsborough  : — I  have  not  made  any  determinations 
of  the  character  of  the  variation  of  the  inductance  of  separate 
coils  of  direct  current  machines,  but  I  think  you  will  fina  that 
the  variation  of  self-induction  as  shown  in  this  paper  dealing  with 
the  Brush  machine,  is  practically  the  same.  Since  the  teeth  on 
this  machine  are  very  large,  they  produce  an  effect  simply  magni- 
fied over  and  above  what  it  would  be  in  the  ordinary  direct  cur- 
rent machine.  If  you  move  two  teeth  of  an  armature  from  under 
the  pole  tips  into  the  neutral  space,  you  will  find  there  will  be  a 
variation  in  the  coefficient  of  self-induction  of  the  coil  between 
them,  that  is  practically  the  same  as  that  shown  in  this  paper. 
The  curve  of  self-induction  would  be  a  little  flatter  at  the  top  in 
such  a  machine,  than  in  the  machine  I  experimented  on.  In  all 
probability,  supposing  this  to  be  one  pole  of  our  machine  and  this 
another  (illustrating),  the  curve  of  variable  self-induction  of  a  coil 
would  be  a  very  flat- topped  curve  for  points  immediately  under 
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the  pole-faces  and  would  become  small  again  as  the  coil  passed 
between  the  poles. 

Mr.  Dunn  : — As  I  followed  the  paper  this  morning,  the  coeffi- 
cients of  self-induction  were  measured  separately  and  without  the 
influence  of  the  mutual  induction  of  the  other  coil. 

Prof.  Goldsborough  : — That  is  true. 

Mr.  Dunn  : — Does  tliis  coefficient  that  you  speak  of  include 
the  mutual  induction  of  the  other  rings  of  the  armature  ? 

Prof.  Goldsborough  : — No. 

Mr.  Dunn: — My  experience  is  that  that  very  greatly  modifies 
self-induction. 

Prof.  GoLosBORouon  : — It  does. 

Mr.  Dunn  : — Therefore  the  results  which  were  obtained  with 
a  single  coil  could  not  be  expected  to  suffice  for  a  coil  under  the 
actual  conditions  of  direct  current  commutation. 

Prof.  Goldsborough  : — That  is  true.  The  machine  which  my 
paper  discusses,  gives  the  characteristic  variation  between  the  cur- 
rent and  the  electromotive  force  appearing  at  the  brushes  shown 
in  Plate  17,  where  only  one  pair  of  the  armature  coils  is  active. 
On  the  other  hand,  this  same  machine  operated  with  all  the  arma- 
ture coils  connected  in  series,  develops  about  500  instead  of  190 
volts,  and  develops  a  characteristic  which  bends  over  a  little  bit 
more  and  then  goes  straight  down,  so  that  you  have  perfect  regu- 
lation for  constant  current  between  about  300  volts  and  zero  volts. 
With  all  the  coils  connected  in  series  and  to  collector  rings,  this 
machine  can  be  short-circuited  while  carrying  its  maximum  load, 
and  tlie  needle  of  the  electro-dynamometer  registering  the  current 
(which  will  not  exceed  10  amperes)  will  not  vary  at  all.  The  self- 
induction  of  the  armature  is  increased  approximately  as  the  square 
of  the  number  of  the  conductors  as  you  take  in  the  mutual  induc- 
tion of  the  adjacent  coils.  Just  as  you  said,  the  mutual  induction 
modifies  the  action  of  the  machine  considerably. 

The  Chairman  : — I  do  not  think  there  is  any  great  difference 
in  the  self-induction  of  a  single  coil  and  the  self-induction  of  the 
coil  as  a  part  of  the  whole  armature,  including  the  mutual  induc- 
tion with  neighboring  coils,  provided  the  conditions  are  such  as 
would  be  the  case  in  a  continuous  current  machine  under  commu- 
tation. It  would  be  different  indeed  if  the  current  reversed 
simultaneously  in  a  number  of  coils  in  series. 

There  is,  however,  a  very  essential  difference  in  the  self-induc- 
tion of  the  commutation  of  a  continuous  current  machine  and  that 
given  here.  If  you  take  a  continuous  current  armature  and  mea- 
sure the  self-induction  of  a  coil  by  the  method  of  revei-sals  or  by 
any  other  means,  say  by  sending  alternating  currents  through  it, 
you  find  the  value  of  self-induction  larger  than  it  is  under  com- 
mutation as  a  direct  current  machine,  due  to  the  very  great  differ- 
ence of  frequency.  The  frequency  of  commutation  of  direct 
current  machines  usually  averages  400  to  800  cycles.  For  these 
frequencies  the  field  structure  which  is  in  the  magnetic  circuit  of 
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the  com  mutated  coil,  is  practically  sliort-circuited.  There  is  prac- 
tically no  commutating  llux  passing  through  the  field,  but  all  the 
flux  passes  through  the  air  gap  across  the  top  of  the  slot.  There- 
fore the  real  self-induction  or  commutation  is  less  than  the  self- 
induction  measured  at  low  frequencies  where  the  magnetic  flux 
changes  in  the  whole  magnetic  structure  of  the  machine. 

Mr.  Dunn: — The  extremely  high  frequency  in  the  direct  cur- 
rent machine  undoubtedly  aflFects  tlie  coetticients  of  self-induction, 
although  I  have  never  measured  it  to  bring  out  the  point  that  you 
just  made;  but  I  do  not  see  how  the  mutual  induction  can  be  so 
small  a  factor.  I  look  upon  the  conditions  as  these :  An  iron 
core  with  two  windings,  one  of  which  is  the  main  part  of  the 
armature  winding,  connected  with  the  constant  potential  circuit, 
and  the  other  a  short-circuited  coil  under  the  act  of  commutation. 
When  the  current  reverses  in  the  single  coil  the  effect  of  mutual 
induction  will  be  to  send  current  through  the  rest  of  the  winding 
out  into  the  mains.  Did  I  understand  you  to  say  that  the  mutual 
induction  had  a  very  small  effect  ? 

The  Chaikman: — In  an  ordinary  direct  current  armature,  with 
closed  circuit  drum  or  ring  winding,  if  two  coils  commutate 
simultaneously  or  even  in  succession,  and  these  coils  lie  in  the 
same  slot,  thus  having  the  same  magnetic  circuit  of  self-induction, 
then  there  is  a  more  marked  mutual  inductive  effect,  which  may 
be  either  helpful  for  commutation,  or  more  commonly  objection- 
able. If,  however,  not  more  than  one  coil  at  a  time  commutates 
in  the  same  slot,  I  do  not  think  there  can  be  much  mutual  in- 
duction. 

Mr.  Dunn: — Let  us  suppose  that  on  the  armature  there  are 
thirty  coils  and  one  is  undergoing  commutation.  The  resistance 
of  the  others  would  be  twenty-nine  times  the  resistance  of  the 
coil  under  commutation,  but  if  the  coefficient  of  mutual  induction 
were  high  enough,  a  current  as  large  as  tw^enty  per  cent,  even  of 
the  current  in  the  commutated  coil  might  flow. 

The  Chairman: — Yes;  but  these  coils  are  not  individual  coils 
closed  upon  themselves,  but  are  in  series,  and  are  spreading  over 
the  whole  surface  of  the  armature  in  such  a  way  that  in  a  part  of 
the  series  turns  the  e.  m.  f.  of  mutual  induction  is  equal  but  op- 
posite to  that  in  the  other  part,  so  that  the  resultant  effect  is  zero. 

Mr.  Dunn: — I  look  upon  them  as  being  in  series  with  each 
other,  not  over  the  whole  of  the  armature,  but  over  the  two  halves 
of  the  armature  in  multiple,  and  in  series  with  the  generating 
dynamo.  The  path  of  the  current  generated  by  mutual  induction 
would  be  up  one-half  of  the  armature  into  the  main,  through  the 
generating  dynamo  into  the  left  half  of  the  armature,  and  not  in 
a  complete  circle  around  the  armature. 

The  Chairman: — I  do  not  think  you  will  find  much,  because 
in  asymmetrical  magnetic  structure  the  resultant  effect  of  mutual 
induction  must  necessarily  be  zero,  and  thus  only  due  to  a  lack  of 
iiymmetry,  mutual  inductive  k.  m.  f's  could  be  produced  in  the 
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armature  outside  of  the  commutated  coil,  but  since  you  have  the 
whole  resistance  of  the  generator  in  circuit,  I  cannot  see'  that  you 
can  get  a  noticeable  effect;  I  never  noticed  any. 

Mr.  Dunn  : — I  understood  you  to  say  that  you  had  measured 
it.  My  question  was  as  to  what  the  values  were.  I  have  not 
measured  it  but  I  have  always  thought  it  was  large. 

The  Chairman: — I  have  never  measured  it  accurately.  The 
only  measurements  I  made  were  approximate.  I  measured  the 
self-induction  of  the  continuous  current  machine  under  commu- 
tation with  ordinary  alternating  current  frequencies,  and  then 
with  frequencies  varying  from  500  to  1000  cycles  per  second  and 
found  very  much  lower  values  in  the  latter  case,  which  brings  me 
to  the  opinion  that  the  lack  of  responsivity  of  the  magnetic  circuit 
reduces  self-induction. 


The  following  paper  on  "  Electric  Metering  from  the  Station 
Standpoint"  was  then  read  by  Mr.  Caryl  I),  lltiskins: 
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ELECTRIC  METERING  FROM  TFIE  STATION  STAND 

POINT. 


BY    OARYL   T).    HASKINS. 


It  has  occurred  to  me  that  in  presenting  a  paper  to  the  Insti- 
TUTK  upon  such  a  subject  as  that  which  I  have  selected,  I  may 
nppear  to  have  departed  too  entirely  from  the  technical  side  of 
our  profession,  and  to  have  selected  a  line  of  argument  which 
would  have  been  more  approi)riate  before  a  more  commercial 
body.  But  in  my  opinion  such  is  not  the  case,  for  I  find  that 
almost  every  merit,  in,  or  objection  to  nietering  apparatus,  or  in 
<»onuection  with  the  use  of  it,  is  dependent  upon  some  point  in- 
volving engineering  skill. 

The  general  adoption  of  the  electric  meter  is  in  itself  an  en- 
dorsement of  the  precise  methods  which  characterize  engineering 
practice.  It  is,  indeed,  a  well  established  fact  to-day,  well  borne 
out  by  data  from  widely  separated  portions  of  the  country,  that 
the  average  electric  lighting  station  can  do  one  third  more  busi- 
ness with  the  same  station  capacity  on  a  meter  basis,  than  it  could 
upon  a  contract  basis, under  what  were  nominally  equivalent  con- 
tract rates,  netting  at  the  same  time  the  same  revenue  per  light 
as  formerly.  In  other  words,  it  is  apparently  well  established 
that  33^  per  cent,  represents  the  average  wastefulness  of  average 
human  nature  in  connection  with  the  use  of  light. 

In  many  central  stations  to-day,  I  find  that,  whilst  managers  are 
almost  universal  in  favor  of  an  exclusively  meter  basis,  a  large 
proportion  are  still  in  ignorance  as  to  what  qualities  they  should 
srek  and  what  they  should  avoid  in  selecting  a  meter. 

In  response  to  an  inquiry  as  to  what  merits  in  a  meter  are  nec- 
4\ssary  to  success,  a  common  reply  is,  accuracy,  durability,  regis- 
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tration  in  a  simple  unit  easily  comprehended  by  the  customer,  and 
ability  to  withstand  tampering.  These  points  are  probably  of 
importance  in  about  the  sequence  in  which  they  are  commonly 
stated ;  but  they  are  too  sweeping,  too  entirely  generic  and  too 
slightly  specific  to  be  in  any  high  degree  helpful. 

Let  us,  for  example,  consider  the  broad  question  of  accuracy. 
A  meter,  which  will  be  accurate  under  commercial  conditions 
from  quarter  load  to  full  load  within  -^^  of  1  per  cent.,  or  a  meter 
which  will  start  on  1  per  cent,  of  its  rated  capacity,  are  neither 
of  them  necessarily  either  the  most  accurate  or  the  best  for  general 
commercial  use.  This  latter  ])oint  is  one  which  is  frequently 
raised.  The  fact  that  a  meter  will  start  on  1  per  cent  of  its  rated 
capacity  is  in  reality  no  sure  criterion  of  the  accuracy  of  that  meter, 
even  on  light  loads.  It  is  not  necessarily  even  good  evidence ; 
yet  I  find  that  in  very  many  cases  this  is  almost  the  only  test  ap- 
plied to  meters  at  the  time  of  purchase.  The  percentage  of  accu- 
racy at  light  loads  is  very  important,  more  important,  I  believe, 
than  is  commonly  appreciated  ;  but  I  am  perfectly  safe  in  saying, 
that  a  meter  which  will  run  within  5  per  cent,  of  zero  error  on 
5  per  cent,  of  its  rated  capacity  may  readily  be  a  much  better 
meter,  even  though  it  will  not  run  at  all  on  1  jjer  cent,  of  it?^ 
rated  capacity,  than  one  which  will  run  on  1  percent,  of  its  rated 
capacity  but  in  regard  to  which  no  evidence  is  at  hand  as  to  its 
percentage  of  accuracy  at  reasonably  low  loads. 

Ability  to  start  on  very  light  loads  is  certainly  an  iiuU ration  of 
merit  and  is  important,  but  it  is  not  nearly  as  important  a  point 
to  determine  as  is  the  lowest  load  at  which  a  meter  begins  to 
register  with  fair  accuracy.  I  have  inspected  a  very  large  number 
of  meters  which  would  start  on  phenomenally  low  loads  and 
which  would  yet  fail  to  give  anything  like  approximate  accuracy 
at  reasonably  low  loads. 

In  considering  the  question  of  accuracy,  therefore,  the  first  two 
steps  should  be  to  determine  the  accuracy  of  the  meter  l)y  actual 
measurements  at  full  and  medium  load;  and  also  at  a  reasonably 
low  load ;  say,  for  example,  5  per  cent,  of  the  meter's  rating. 

That  low  load  accuracy  is  really  of  vital  importance  is  well 
shown  by  the  fact,  that  with  the  average  24:-hour  station,  in 
the  neighborhood  of  15  per  cent,  of  the  total  station  output  goes 
to  feed  one  and  two  lamp  loads.  Yet  in  the  face  of  this  I  have 
seen  large  installations  of  meters  reported  as  entirely  satisfactory, 
tested  with  frequency  and  care  under  admirable  systems,  but  only 
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at  full  or  medium  loads,  and  jet  failing  to  account  for  more  than 
50  per  cent,  of  the  one  and  two  lamp  loads,  or  in  other  words,  los- 
ing to  the  illuminating  company  an  average  of  probably  7^  per 
cent  of  the  revenue  which  their  measured  station  output  should 
give  them,  after  deducting  for  legitimate  losses. 

Granting  that,  having  determined  the  actual  percentage  of 
accuracy  obtainable  at  light,  medium  and  full  loads,  a  very  import- 
ant and  in  fact  probably  the  most  important  evidence  as  to  ac- 
curacy has  been  obtained,  there  still  remains  much  information 
of  vital  importance  which  should  be  sought  and  which  should 
materially  influence  a  decision. 

One  point  which  is  very  commonly  neglected,  but  which  U^ 
nevertheless,  quite  essential,  is  the  ability  of  a  meter  to  give 
accurate  results  for  brief  periods  on  overloads.  This  is  a  point 
at  which  many  meters  fail,  and  it  is  also  a  point  which,  odd  as  it 
may  seem,  is  intimately  related  to  light  load  accuracy.  It  may 
be  laid  down  as  a  rule,  that  in  station  operation  the  smallest 
meter  which  will  do  the  work  should  always  be  used.  Other- 
wise, however  good  the  meter  on  light  loads,  much  of  the  light 
load  revenue  must  be  lost  in  the  effort  to  take  care  of  occasional 
heavy  loads.  Extremely  heavy  loads  are  generally  of  brief  dura- 
tion, and  on  these  loads  a  meter  should  operate  with  accuracy  and 
also  without  injury  to  itself.  This,  therefore,  should  be  an  early 
point  of  investigation  in  selecting  a  meter. 

On  alternating  circuits,  inductive  loads  are  becoming  commoner 
every  day.  The  wider  use  of  fan  motors  and  other  alternating 
j>ower  devices,  the  rapidly  growing  popularity  of  alternating  cir- 
cuit arc  lamps,  and  the  commoner  use  of  inductive  dimmers,  all 
render  it  essential  that  a  meter  should  be  accurate  irrespective  of 
the  power  factor.  The  company  which  insists  upon  charging  its 
patrons  for  power  delivered  to  fan  motors  on  a  basis  of  volt- 
amperes,  is  obviously  rendering  itself  unpopular,  greatly  Hmiting 
its  business  and  giving  its  competitor,  or  competitors,  the  best  of 
opportunity  for  intruding ;  yet  many  such  companies  exist  to-day, 
and  they  exist  not  because  they  are  following  a  wise  policy  in 
their  own  estimation,  but  because  they  are  ignorant  of  what  they 
should  look  for  in  the  meter  which  they  are  using. 

Again,  there  are  few  electric  light  stations  today  of  any  con- 
siderable size  afid  age  which  are  not  operating  some  smooth  core 
and  some  tooth  core  alternating  arnjatures.  It  is,  therefore,  im- 
portant that  the  meters  in  service  at  such  stations  should  be 
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equally  accurate  on  any  shape  of  wave ;  yet  many  metern  fail  in 
this  particular;  and  seldom,  if  ever,  is  the  point  made  a  subject 
for  investigation  in  selecting  measuring  apparatus. 

This  same  consideration  holds  good  in  connection  with  fre- 
quency, and  this  is  a  point  which  it  is  difficult  to  overcome  in 
most  metering  devices  ;  but  it  is  one  which  should  be  earnestly 
sought  and  which  is  of  importance  both  to  the  station  and  to  the 
consumer. 

Even  after  this  long  list  of  point*  which  must  be  investigated, 
as  contributing  to  the  broad  question  of  accuracy,  there  are  others 
which  also  merit  consideration,  but  to  a  less  degree.  Such,  for 
example,  as  barometric  conditions  (more  especially  altitude),  tem- 
])erature  and  humidity.  These  all  have  direct  bearing  upon  the 
question  and  all  enter  into  the  every  day  conditions  of  central 
station  practice. 

Summing  up  the  (juestion  of  accuracy,  we  may  say,  therefore, 
that  the  following  point-s  should  be  investigated  with  care. 

Ordinary  volt-ampere  accuracy ; 

Accuracy  on  inductive  loads  ; 

Accuracy  on  varying  wave  forms ; 

Accuracy  on  overload ; 

Accuracy  on  varying  frequencies ; 

Influence  on  accuracy  of  variations  of  temperature,  barometric 
conditions  and  humidity. 

The  second  point,  which  is  commonly  given  consideration  in 
the  selection  of  a  meter,  is  that  of  life.  This  is  a  question  which 
must  depend  more  upon  good  judgment  than  upon  any  test  which 
can  be  applied  ;  for  it  is  in  reality  no  test  of  the  enduring  quali- 
ties of  a  meter  to  run  it  at  excessively  high  speed  for  a  relatively 
brief  time.  The  life  of  a  meter,  in  other  words,  cannot  be  meas- 
ured by  revolutions,  irrespective  of  the  speed  oi  those  revolu- 
tions ;  nor  can  it  be  determined  by  the  speed  at  which  it  rotates 
alone. 

Ninety  per  cent,  of  all  the  wear  in  a  meter,  centres  in  the  case 
of  motor  meters  at  the  single  jewel  bearing,  which  is  almost 
universal.  The  two  chief  factors  which  have  influence  upon  the 
mere  mechanical  life  are  the  weight  of  the  moving  mechanism, 
and  its  speed,  the  variation  of  the  urea  of  the  point  of  contact 
being,  of  course,  always  so  small  as  to  be  out  of  the  considera- 
tion. 

A   1'jw   speed   meter  is  usually   the  best   meter,  provided  the 
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8peed  be  not  carried  so  very  low  as  to  threaten  the  accuracy  of  the 
meter  on  light  loads,  by  reason  of  being  held  up  by  intermittent 
friction  in  the  form  of  dust  or  a  spider.  Practice  has  indicated 
that  low  speed  is  more  conducive  to  long  life  than  is  light  weight 
of  the  moving  mechanism,  although  both  are,  of  course,  very  im- 
portant. More  important  than  either,  however,  is  the  quality  of 
the  material  used  at  t)>e  points  of  friction  and  the  ease  with 
wliich  tlie  friction  parts  can  be  renewed.  The  best  of  sapphire 
is  barely  good  enough,  and  the  pivot  end  must  l>e  of  correct 
shape,  burnished  to  the  highest  degree,  and  its  point  must  be  ab- 
solutely concentric  with  the  centre  of  movement. 

More  than  half  of  the  meter  jewels  which  are  destroyed  are 
rendered  useless,  not  by  the  rotary  motion  of  the  shaft,  but  by 
reciprocating  motion  of  the  shaft,  due  to  vibration.  Hence  it  is 
very  necessary  that  the  jewels  should  be  in  some  way  cushioned, 
for  vibration  cannot  be  always  avoided. 

These  are  all,  I  admit,  mechanical  considerations,  but  they 
compass  umch  of  failure  or  success  in  electric  metering.  The 
purely  electrical  features  of  the  meter  contribute  no  grave  factor 
of  consideration  in  connection  with  the  life  question,  always  sup- 
posing that  the  copper  is  ample  and  the  potential  windings  are  so 
distributed  and  so  ventilated  as  to  preclude  a  burnout. 

Passing  over  the  central  station  man's  third  factor  for  con- 
sideration, that  of  the  best  unit  of  measurement,  as  one  which 
is  practically  a  closed  question,  we  are  brought  face  to  face  witli 
his  lamentable  fourth  point,  the  necessity  that  the  meter  should 
be  able  to  withstand  tampering.  It  is  a  regrettable  fact,  that  this 
is  a  consideration  which  is  coming  daily  into  more  prominence ; 
but  light  has  to  be  sold  to  all  sorts  and  conditions  of  j)eople ;  and 
apparently  the  transgressor  against  meters  is  even  more  common 
than  the  transgressor  against  taxes ;  and  this  is  a  growing  evil, 
largely,  perhaps,  because  of  the  lax  conditions  of  the  laws,  which 
can  be  invoked  to  protect  the  meter  owner  in  many  of  our  states. 

The  methods  which  are  commonly  practiced  in  tampering  with 
meters  can  scarcely  form  any  proper  part  of  a  technical  paper ; 
but  as  this  paper  may  go  into  the  hands  of  some  who  need  the 
knowledge  to  guard  themselves  and  their  interests,  it  can  do  no 
harm  to  briefly  state  the  common  methods  used,  not  only  that 
they  may  be  guarded  against,  but  also  that  meters  may  be  selected 
which  lend  themselves  least  readily  to  such  ]>ractices.  It  is  not 
unusual  to  place  large  masses  of  iron  above,  below  or  at  the  side  of 
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meters,  but  tliis  practice  is  falling  sotuewhat  into  disrepute  among 
its  advocates,  since  even  they  have  in  time  discovered  that  there 
is  a  class  of  meter  which  it  accelerates. 

Electromagnets,  drawing  their  eners^y  from  the  circuits  under 
measurement  and  used  as  the  iron  was  formerly  used,  are  now 
not  uncommon,  and  it  is  difficult  to  prove  in  court  deliberate  evil 
intent. 

Meter  covers  and  bases  are  drilled,  and  wires,  broom  straws  an<l 
the  like  inserted.  Covers  are  pried  up  and  healthy  colonies  of 
spiders  introduced. 

Ingenious  individuals  have  even  been  reported  as  finding  profit 
in  a  clever  apparatus  for  injecting  fine  iron  filings  into  meters  by 
means  of  a  bellows. 

All  of  these  things  need  to  be  watched  for  and  guarded  against. 

The  question  of  installation  and  care  of  meters,  is  a  wide  sub- 
ject, and  in  connection  with  it  I  shall  endeavor  to  mention  only  a 
few  salient  points,  selecting  those  which  are  most  commonly  over- 
looked or  neglected. 

The  most  radical  cause  of  -  trouble  in  connection  with  installa- 
tion is  vibration  and  the  consequent  reciprocating  motion  of  the 
shaft;  for  th's  reason  the  most  solid  of  foundations  should  be  se- 
lected, the  neighborhood  of  moving  machinery  should  be  avoided, 
as  should  also  partitions  of  light  construction  in  which  doors  are 
located.  The  rhythmic  vibration  of  moving  machinery  is  infinitely 
more  dangerous  than  occasional  heavy  shocks. 

Meters  should  be  installed  as  near  to  the  foundation  as  possible, 
not  as  is  now  quite  common,  at  the  tops  of  buildings,  where  the 
amplitude  of  all  vibrations  is  of  course  much  greater. 

Locations  where  great  variations  of  temperature  occur  are  un- 
desirable. For  this  reason  also,  basements  are  preferable  to 
attics. 

A  very  common  error,  causing  the  loss  of  very  many  meters 
annually,  by  the  burning  out  of  the  potential  circuits,  occurs  in 
connection  with  the  metering  of  power  delivered  to  motors.  In 
the  eflEort  to  save  the  very  trivial  amount  of  energy  passing  through 
a  potential  circuit,  it  is  very  common  to  install  meters  on  the  motor 
side  of  the  controlling  switch.  This  not  only  exposes  the  meter 
to  the  full  force  of  the  field  discharge,  but  it  also  results  in  the 
constant  cooling  and  heating  of  the  potential  winding,  and  the 
resultant  expansion  and  contraction  chafes  and  weakens  the  insu- 
lation and  also  weakens  the  wire  itself  at  the  turns,  openin<i^  the 
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path  for  a  final  breakdown  either  by  a  lightning  discharge  or  by 
a  field  discharge. 

As  to  care  of  meters.  It  is  a  fallacy  to  suppose,  as  many  insist 
upon  doing  to-day,  that  meters  should  require  no  care  whatever. 
Almost  all  meters  will  continue  operative  for  a  very  long  period 
without  any  care  whatever ;  but  the  cost  of  a  cleaning  and  testing 
visit  twice  annually  is  trivial  as  compared  with  the  good  results 
which  follow  such  a  system,  by  reason  of  the  better  light  load 
accuracy  obtained.  It  is  not,  I  think,  too  strong  a  statement  to  say 
that  such  a  system  will  have  an  influence  for  good,  amounting  to 
from  3  to  5  per  cent,  on  the  meter  readings  annually. 

Central  station  managements  have  probable  given  more  atten- 
tion to  systematic  methods  of  meter  reading  than  to  any  other  one 
point  contributing  to  success.  The  old  and  faulty  plan  of  reading 
the  dials  of  a  meter  at  the  time  of  the  visit  to  the  meter,  is  fast 
giving  place  to  the  better  system,  which  provides  the  reader  with 
a  fac-simile  of  the  meter  dial  in  blank  upon  a  page  of  his  meter 
book.  This  fac-simile  is  roughly  marked  in  pencil  to  indicate 
the  position  of  the  hand  at  the  time  of  the  visit.  These  fac-similes 
are  taken  into  the  office  and  are  all  read  bv  one  individual  who  is 
an  expert  in  meter  readin^:,  and  who  sets  down  the  consumption 
under  the  fac-simile  on  each  page.  Such  a  system  commonly  re- 
duces the  errors  from  about  10  per  cent,  per  month  where  they 
not  uncommonly  stood  under  the  old  system,  to  materially  less 
than  1  per  cent,  under  the  new ;  for  surprising  as  it  may  seem, 
it  is  an  extremely  easy  thing  to  make  mistakes  in  reading  meter 
dials. 

In  changing  from  the  old  and  not  infrequently  popular  contract 
system,  a  good  many  central  stations  in  the  earlier  days  made  the 
grave  blunder  of  going  on  to  the  new  basis  during  the  winter 
months,  with  the  result  that  the  highest  bills  of  the  year  reached 
the  customer  after  a  long  period  of  indulgence  under  the  contract 
system,  and  the  result  at  times  proved  temporarily  disastrous. 

Even  to-day  the  pernicious  influence  of  uniform  bills  the  year 
through,  which  was  created  by  the  contract  system,  still  lingers ; 
and  the  proportion  of  customers  who  complain  because  their 
winter  bills  are  materially  higher  than  their  autumn  and  summer 
bills  is  quite  considerable. 

It  will  be  said  that  the  explanation  is  sufficiently  simple ;  but, 
unfortunately,  however  good  and  however  simple  the  explanation, 
it  has   proved  no  simple  matter  to  secure  its   acceptance   and 
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<5redence.  I  have  lately  been  much  impressed  by  a  system 
which  has  recently  been  adopted  by  a  prominent  western  com- 
pany to  at  least  partially  ofiEset  this  difficulty.  During  the 
months  which  are  growing  darker,  they  read  their  meters  a  day 
or  two  earlier  each  month,  thus  arbitrarily  creating  shorter 
months,  whilst  as  the  year  progresses  to  the  period  of  lighter 
days,  the  months  are  lengthened.  This  somewhat  tends  to  even 
up  the  bill,  is  apparently  quite  as  satisfactory  to  the  customer, 
and  is  certainly  entirely  just  and  has  created  a  very  great  falling 
off  in  the  complaint  list,  for  the  character  of  the  complaint  keeps 
pace  with  the  period  of  the  year.  Out  of  the  liundreds  of  com- 
plaints which  I  receive  annually,  I  find  that  by  far  the  greater 
proportion  in  the  summer  are  of  slow  meters  and  in  the  winter 
of  fast  meters. 

I  do  not  feel  that  I  shall  be  doing  justice  to  my  subject,  should 
I  fail  to  make  at  least  brief  mention  of  the  application  of  meters 
to  the  measurement  of  station  output. 

The  gas  companies  to  whom  all  central  stations  look  for  pre- 
cedents, long  ago  found  it  imperative  that  they  should  have  some 
means  of  determining  just  how  much  of  their  commodity  tliey 
produced,  and  sent  out  through  their  mains.  In  all  commercial 
enterprises  it  is  difficult  to  satisfactorily  guide  and  control  a 
business,  unless  there  be  some  positive  means  of  determining 
how  much  of  anything  is  produced;  and  it  is  surely  just  as  im- 
portant to  all  electric  lighting  companies  to  know  how  much  of 
their  comipodity  they  manufacture  as  for  any  other  concern. 
Until  quite  recently  it  has  not  been  possible  to  obtain  recording 
meters  sufficiently  large  to  care  for  the  heavy  outputs  which  are 
now  so  common,  but  such  meters  are  now  readily  obtainable. 

The  value  of  a  system  of  station  meters  must  necessarily  prove 
very  great,  since  it  furnishes  an  absolute  check  system  upon  coal 
and  water  consumption,  and  engine  and  dynamo  efficiency. 
Whilst  it  also  furnishes  a  ready  means  for  comparison  between 
station  output,  customers  meter  indications,  line  losses,  leaks  and 
grounds. 

In  closing,  some  brief  consideration  at  least  is  due  to  the  new 
fields  into  which  meters  are  reaching,  and  to  the  help  special 
metering  features  may  perhaps  give  indirectly  as  well  as  directlvi 
to  the  amplifying  of  the  business  of  electric  light  and  power 
companies  and  to  their  more  economic  operation. 

There  has  recently  been  much  interesting  discussion  regarding 
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the  question  of  the  flattening  of  tlie  peak  of  the  load  either  by 
the  systematic  modification  of  rates  under  special  time  contracts^ 
governing  the  hours  of  burning,  whicli  does  not  concern  the 
immediate  subject  matter  of  this  paper,  or  by  an  actual  modi- 
fication in  one  of  several  forms  in  the  meter  itself,  which  should 
practically  make  the  meter  automatically  control  the  modifica- 
tion of  the  rates  in  such  a  way  as  to  gain  the  same  end  with 
certainty,  as  is  aimed  at  in  the  special  contract  system. 

Whilst  personally  I  have  grave  doubts  regarding  the  actual 
feasibility  of  this  plan  commercially,  in  view  of  other  and  per- 
haps simpler  methods  by  which  it  can  be  accomplished,  I  still 
have  !nuch  respect  for  all  of  the  various  methods  which  have 
been  proposed  and  do  not  question  that  there  will  be  at  least 
many  cases  where  they  can  be  advantageously  applied.  Questions 
relating  to  the  peak  of  the  load,  however,  are  subject  to  such 
great  variations  locally  that  a  rule  which  would  apply  in  New 
York  might  very  readily  fail  in  a  system  adopted  in  a  smaller 
town. 

It  is  quite  obvious  that  the  best  double-rate  meter  will  be  that 
which  tends  to  flatten  the  load  curve  of  the  station,  not  by 
oppressing  or  discouraging  the  user  of  light,  who  must  have  his 
light  at  the  period  of  the  peak,  so  much  as  by  encouraging  the^ 
use  of  light  at  other  periods.  We  do  not  want  to  provide  means 
for  cutting  off  the  peak  so  much  as  we  want  means  for  raising 
the  rest* of  the  curve  to  the  same  height  as  the  peak.  In  my 
personal  opinion,  it  is  in  this  respect  that  perhaps  the  most  in- 
genious of  all  these  double-rate  meters  falls  short.  I  refer  to 
that  form  of  two-rate  meter  which  proportionately  increases  its 
rate  of  record  at  such  time  as  the  local  load  which  it  is  measur- 
ing is  highest.  This  discourages  the  use  of  light  at  the  period 
of  the  local  peak,  and  if  the  local  peak  and  the  station  peak 
are  co-incident,  it  absolutely  fulfils  its  purpose.  But  if  they  are 
not  it  fails,  because  instead  of  discouraging  the  use  of  a  large 
amount  of  light  at  the  time  of  the  local  peak,  it  should  actually 
encourage  it.  Encouragement  of  local  peaks,  which  are  not 
co-incident  with  the  station  peak,  is  beneficial  to  the  central 
station  in  the  highest  degree,  for  it  tends,  as  I  have  pointed  out 
it  should,  to  raise  the  general  load  curve  towards  the  station 
peak  magnitude. 

If  two-rate  meters  are  to  be  used,  therefore,  I  believe  that 
their  increased  proportional  speed  should  be  dependent  ^wx^Vj 
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upon  the  occurrence  of  the  station  peak,  and  should  bear  no 
relation  whatever  to  tlie  occurring  of  the  local  peak.  Such  an 
arrangement  can  be  secured  in  a  number  of  wajs,  all  of  them 
simple  and  all  of  them  effective. 

One  other  feature  of  metering,  which  has  recently  come  into 
existence  in  Europe,  is  about  to  make  its  appearance  commercially 
in  this  country.  It  brings  with  it  much  of  promise  for  the  in- 
crease of  profitable  business  for  central  stations.  1  refer  to  the 
pre-payment  meter  system.  The  drop-a-nickel-in-the-slot  and  get- 
your-money's-worth-meter.  In  gas  practice  this  system  has  proved 
an  unqualified  success.  I  am  informed  that  the  London  Gas 
Light  Co.  added  6,000  new  customers  of  a  profitable  kind,  over 
and  above  their  average  annual  growth  in  a  single  year;  and 
other  companies  have  had  similar  experience. 

There  is  in  every  large  city  a  considerable  area  into  which 
illuminating  companies  have  been  unable  to  go  by  reason  of  the 
untrustworthy  character  of  the  people  who  would  there  be  their 
customers.  In  other  words,  because  the  people  in  these  districts 
are  a  floating  population  without  credit,  coming  to-day  and  going 
to-morrow,  and  yet  ready  and  willing  to  buy  electric  light  at 
high  rates. 

The  pre-payment  meter  throws  open  this  new  field  and  makes 
it  immediately  available;  and  here  I  predict  for  it  wide  use- 
fulness. 
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Discussion. 

The  Chairman  :- -[Vice-President  Steimnetz.]  The  dis- 
cnssion  of  Mr.  Hawkins'  paper  is  now  in  order  and  I  call  upon 
Dr.  Bell  to  open  the  discussion. 

Dr.  Louis  Bkll  : — The  engineering  point  of  great  interest  in 
connection  with  the  subject  of  meters  just  at  u\&  present  time, 
seems  to  me  to  be  the  problem  of  metering  such  loads  as  one 
strikes  with  motors,  and  especially  with  fan  motors  on  the  alter- 
nating system,  and  induction  motors  generally.  The  metering 
of  the  direct  current  as  compared  with  the  metering  of  the  alter- 
nating cuiTent  under  these  circumstances  is  a  straightforward, 
simple  problem,  which  gives  no  trouble  either  to  the  engineer  or 
the  station  master.  There  mav  be  trouble  with  direct  current 
meters,  but  they  are  nothing  compared  with  what  are  met  in 
trying  to  measure  in  a  just  and  reasonable  way  the  volt-amperes 
energy  delivered  to  the  induction  motors.  As  these  modern 
plants  are  becoming  more  and  more  common,  the  central  station 
man  and  the  meter  man  may  have  to  unite  to  find  some  way  out 
of  the  difficulty.  The  trouble  is  right  here :  That  if  you  apply 
an  ordinary  integrating  watt-meter  to  a  circuit  having  a  highly 
inductive  load,  while  you  get  ])aid  for  the  energy  delivered,  you 
do  not  get  paid  for  the  capacity  of  the  machine  used  up.  It  is  a 
perfectly  easy  matter  t^)  run  beyond  the  capacity  of  your  station 
on  a  motor  load,  while  your  actual  receipts  as  indicated  by  an 
integrating  watt-meter  would  be  far  below  the  capacity  of  the 
station.  Of  course,  the  innnediate  impulse  is  to  say — use  a 
recording  ammeter.  But  the  recording  ammeter,  as  Mr.  Ilaskins 
has  pointed  out,  scares  the  average  customer.  Then,  on  the 
other  hand,  the  recording  ammeter  in  many  cases  punishes  too 
much.  You  do  not  care  in  handling  such  things  as  fan  motors 
for  a  small  increment  of  current  due  to  their  power  factor ; 
relatively  it  is  a  very  large  increment  of  current,  but  absolutely 
its  effect  on  the  station  is  not  very  great,  because  the  amount  of 
each  motor  is  small,  and  the  number  is  generally  not  sufficient. 
If  you  were  to  charge  under  these  circumstances  for  current  and 
not  for  energy,  you  would  run  up  a  bill  against  the  fan  motor 
which  would  apparently  be  out  of  all  reason.  Fan  motors  take 
current  generally  at  relatively  the  same  current  as  electric  lights ; 
that  is  to  say,  there  is  no  special  rate  laid  for  them.  On  the 
other  hand,  when  you  come  to  have  induction  motors,  particularly 
those  which  have  bad  power  factors,  and  their  number  is  great — 
when  you  come  to  these  motors  the  matter  gets  more  serious. 
You  cannot  afford  to  charge  simply  for  the  energy  delivered,  if 
you  have  any  regard  eituer  for  the  capacity  of  your  station  or 
for  the  kind  of  service  you  are  likely  to  give  on  mixed  loads. 
Some  way  must  be  devised  of  charging  not  only  for  the  watts 
delivered,  but  for  the  amount  of  reserve  capacity  which  has  to 
be  Bet  apart  for  running  the  motor  in  question,    it  is  not  uncovcL- 
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inon,  and  it  is  a  very  unhappy  experience  to  tind  plants  intended 
for  the  operation  oi  induction  motors  simply  at  the  end  of  their 
capacity  for  current,  long  before  the  output  capacity  of  the  mo- 
tors has  been  reached.  Those  are  the  c^es  where  the  meter 
man  is  going  to  have  a  hard  time.  It  is  a  difficult  thing  to  ad- 
judicate, and  one  which  will  have  to  be  settled,  by  continual 
conference  between  the  station  man  and  the  meter  man.  My 
opinion  is  that  the  watt-meter  is  not  sufficient  for  a  case  of  the 
kmd.  You  would  be  compelled  to  jnit  the  rate  for  the  kilo- 
watt hour  so  high,  in  order  to  get  fairly  i)aid  under  those  circum- 
stances, that  the  ordinary  customer  would  kick.  It  would  seem 
unreasonably  high  as  compared  with  other  motors,  and  it  would 
be  unreasonably  high.  It  seems  to  me  that  some  method  ought 
to  be  devised  akin  to  one  that  has  recently  been  discussed,  that 
is,  a  two-rate  system  which  charges  a  basic  price  for  nuiximum 
amperes,  plus  a  watt-meter  price  for  energy  delivered.  A  scheme 
of  that  kind  either  carried  out  by  arranging  a  tixed  basic  price 
per  month,  plus  watt-meter  price,  or  the  plan  which  has  been 
tried  abroad  of  charging  a  certain  rate  for  capacity,  a  certain 
fixed  price  plus  a  regular  price.  Either  of  those  plans,  either  a 
fixed  contract  or  an  automatic  plan  having  a  meter  to  take  care 
of  the  wattmeter,  and  some  way  of  automatically  taking  account 
of  the  maximum  current — some  one  of  these  plans  I  say  must 
come  into  use  under  the  circumstances,  because  neither  the 
straight,  ordinary  watt-meter,  nor  a  current  meter,  will  fill  the 
bill  properly  for  these  cases.  If  vou  charge  for  watts,  pure  and 
simple,  you  scare  the  customer.  If  you  chargje  by  amperes,  you 
scare  him  even  more  completely  and  thoroughly,  and  as  far  as  I 
can  see  the  only  satisfactory  outcome  for  both  parties  is  going  to 
l>e  in  settling  on  some  sort  of  double  arrangement  for  the  par- 
ticular kind  of  service.  I  speak  of  it  with  special  interest  because 
that  kind  of  service  is  growing  every  day,  and  it  is  the  only 
example  where  metering  does  not  seem  to  fit  the  case  as  well  as 
it  should.  In  passing — I  believe  as  regards  the  character  of  the 
meters  that  we  are  going  to  have,  that  the  biggest  improvements^ 
so  far  as  the  ordinary  customer  is  concerned,  speaking  purely 
from  the  customer's  standpoint,  are  the  meters  which  I  think 
will  come  into  use  before  long  which  read  directly  so-and-so 
many  watt-hours  recorded  in  figures  on  the  dial.  Anybody  who 
has  ever  tried  to  read  an  ordinary  dial  meter,  not  being  familiar 
with  it,  will  realize  the  position  of  the  ordinary  customer  when 
he  sees  this  queer  thing  spinning  around  on  the  wall,  running 
up  he  knows  not  what  against  him.  He  looks  at  it  as  something 
uncanny,  and  he  believes  if  Solomon  lived  in  these  days  he  would 
say :   ''  Go  to  the  meter  thou  sluggard." 

Dr.  Perrine: — I  want  to  call  especial  attention  to  what  Mr. 
Haskins  says  about  what  is  to  be  considered  as  the  range  of 
voltampere  accuracy  of  a  meter.  That  we  should  not  look  for 
starting  ability  at  extremely  low  load,  and  accuracy  at  full  or 
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maximum  load,  but  that  meters  should  be  installed  as  small 
as  possible,  which  would  give  accuracy  on  overloads;  a  fair 
accuracy  on  overloads  and  very  great  accuracy  on  a  small 
ordinary  load ;  for  I  think  that  this  is  a  principle  that  has 
been  too  little  insisted  upon,  in  general  central  station  en- 
gineering practice,  not  simply  in  the  (juestion  of  meters  but 
in  the  clioice  of  engines,  boilers,  dynamos,  transformers  and 
every  piece  of  apparatus  about  a  station.  Of  course  our  en- 
gineers are  working  up  to  that  more  and  more;  but  never- 
theless it  is  a  point  that  cannot  be  insisted  upon  too  strongly, 
that  real  and  true  efficiency  in  the  station  is  to  be  obtainea  bv 
working  our  units  always  at  a  comparatively  high  load  and  higli 
efficiency,  installing  apparatus  which  will  stand  overloads  so  that 
they  will  give  high  efficiency  at  the  ordinary  load  at  the  station. 
This  I  have  found  in  very  many  instances  singularly  neglected 
in  central  station  practice,  and  we  see  its  effect  in  the  report  of 
the  National  Electric  Light  Association.  I  have  not  seen  their 
last  report  of  coal  economy,  but  that  which  was  issued  about  a 
year  and  a  half  ago,  shows  that  the  best  central  stations  in  this 
country  were  using  about  three  pounds  of  coal  per  horse  ])ower 
liour,  and  that  the  average  throughout  the  country  was  not  very 
much  better  than  about  five  pounds,  and  some  of  the  good  sta- 
tions run  up  to  eight  or  even  more  pounds  of  coal.  This,  in  the 
face  of  the  fact  that  the  dynamos  are  all  of  high  efficiency ;  that 
in  the  electric  central  stations  there  are  the  best  engines  that  the 
skill  of  the  country  can  afford,  and  that  in  no  one  of  those  sta- 
tions would  machinery  be  accepted  which  would  not  give  on 
test  a  better  efficiency  than  two  pounds  of  coal  per  horse  power 
hour.  But  test  means,  test  at  full  load,  whereas  running  means 
running  at  a  quarter  or  less  than  a  quarter.  Now  it  seems  to  me 
that  in  the  case  of  all  of  our  machines,  not  simply  in  the  case  of 
meters,  but  in  the  case  of  meters  as  w^ell  as  in  the  case  of  other 
machinery,  the  machinery  should  be  chosen  where  the  full  load 
is  below  the  maximum  load  at  which  it  is  capable  of  running,  and 
that  in  consequence,  in  place  of  machinery  running  at  normally 
low  loads  with  low  efficiencies,  the  lightest  loads  should  still  be 
loads  sufficiently  great  to  give  good  efficiency.  I  was  very  glad 
to  see  that  Mr.  Haskins  so  well  recognized  this  point  and  I  think 
that  its  clear  understanding  and  enforcement  is  one  of  the  things 
that  engineers  need  in  order  to  bring  up  the  general  efficiency  of 
their  work. 

Prof.  Owens  : — I  would  like  to  ask  Mr.  Haskins  if  he  con- 
siders that  a  meter  which  is  correct  on  light  stead}^  load  and  also 
on  full  steady  load  would  be  accurate  on  rapidly  varying  loads? 

Mk.  Haskins  : — Replying  first  to  Prof.  Owens'  question,  my 
experience  has  commonly  been  that  a  meter  that  will  give 
accuracy  at  light  load,  and  will  give  accuracy  at  high  loads,  will 
almost  invariably  be  a  good  meter  on  intennittent  loads. 

Prof.  Owens  : — How  do  you  determine  its  accuracy  on  rapidly 
varying  loads  ? 
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Mr.  IlASKiNsr—Tlie  method  I  have  generally  used  for  deter- 
mining accuracy  on  varying  loads  has  been  to  use  a  master  meter, 
arranging  two  of  the  meters  exactly  alike  and  in  multiple, 
but  in  series  with  a  third  or  master  meter,  usin^  a  special  form 
of  switch  between  the  master  meter  and  the  otlier  two  meters, 
60  that  the  load  could  be  rapidly  swit(;hed  through  one  or  through 
the  other  or  in  multiple  between  the  two,  never  off  both  of  them. 
Then  having  achieved  such  an  arrangement  as  that,  I  have  hours 
at  a  time  kept  a  boy  or  some  one  moving  that  switch,  changing 
the  load  from  half  load  to  no  load,  from  half  load  to  full  load, 
always  passing  through  one  or  both  of  the  two  quantities  under 
test  and  under  all  circumstances  passing  through  the  master  meter, 
the  load  being  constant  on  the  master  meter.  I  think  that  is 
perhaps  the  most  accurate  method  of  determination.  I  think  I 
may  say  that  my  average  experience  while  using  this  method 
has  been  less  than  one  per  cent,  error,  commonly  within  one- 
half  of  one  per  cent.  It  is  a  method  1  have  used  repeatedly  and 
I  have  found  it  very  satisfactory. 

Kef  erring  to  what  Dr.  Bell  has  said,  I  agree  heartily  with  him 
and  I  think  we  can  look  far  enough  into  the  future  to  see  that 
another  form  of  two-rate  meter  is  going  to  be  called  for,  a  meter 
whose  rate  of  recording  shall  be  dependent  on  the  power  factor. 
I  think  I  am  safe  in  predicting  that  when  the  demand  comes, 
we  can  promise  a  meter  which  will  automatically  vary  its  i-ate 
with  the  variation  of  the  power  factor;  this  I  think  will  be  the 
simplest  way  of  solving  the  problem.  The  use  of  the  ampere- 
meter not  only  has  the  effect  of  discouraging  the  customer,  as 
Dr.  Bell  says,  but  of  discouraging  one's  own  business,  lleferring 
to  Dr.  Bell's  other  suggestion  that  the  general  way  of  reading 
meters  to-day  is  trying,  1  would  say  that  1  think  the  time  has 
come  when  we  can  afford  to  have  the  customer  read  the  dial 
easily.  I  think  that  within  a  short  a  time  direct  reading  device 
will  be  procurable,  but  expense  is  the  limiting  factor  in  all  these 
things.  Such  a  dial  as  that  is  inherently  more  expensive,  and 
people  do  not  want  to  pay  more  for  their  devices. 

Pbof.  Owens: — Would  not  the  addition  of  the  so  called 
Wright-Demand  meter  to  the  circuit  containing  a  wattmeter 
solve  this  question  of  variable  power  factors  i 

Mr.  IIaskins: — Yes,  1  think  it  Avould.  I  think  that  perhaps 
is  one  of  the  best  applications  of  the  Wright-Demand  system.  The 
only  trouble  with  the  Wright- J )emand  system  is  that  it  does  not 
segregate  idle  from  active  currents.  If  we  had  a  combined  load 
of  light  and  power  it  might  be  conceivable  that  the  maximum 
current  was  due  to  legitimate  energy.  I  think  that  the  Wright- 
Demand  system  would  solve  it  admirably  except  for  this  considera- 
tion, which  perhaps  is  not  very  important,  but  not  so  simply  as  a 
meter  which  would  automatically  and  within  itself  change  the 
rate,  supposing  such  a  meter  were  available.  It  is  not  available 
to-day,  but  it  does  not  look  like  an  impossible  [)roblem.     I  want 
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to  thank  Dr.  Perrine  for  his  endorsment  of  my  views.  As  to  the 
question  of  capacity  1  think  that  the  gi-eat  mistake  that  everybody 
has  made,  more  particularly  in  metering  and  probably  in  our  other 
devices  also,  is  to  demand  laboratory  instruments  for  commercial 
use.  They  want  a  meter  that  will  give  phenomenal  accuracy  on 
phenomenally  low  loads,  ignoring  commercial  conditions.  Meters 
twice  too  large  are  frequently  put  in,  so  that  when  the  output 
increased  they  would  be  big  enough,  and  yet  phenomenal  accuracy 
on  light  loads  was  demanded  from  those  same  meters,  accuracy 
which  injured  the  meter  and  made  the  meter  too  sensitive.  It 
was  like  nutting  a  laboratory  instrument  into  common  use. 

Mr.  H.  C.  Spaulding  : — The  remarks  which  have  been  made 
about  the  desirability  of  meters  which  allow  direct  reading  by 
the  customer  and  which  should  be  cheap  and  practically  free 
from  liability  to  tampering,  all  had  a  beanng  on  a  system  which 
I  have  sometimes  felt  could  be  used  to  great  advantage  on  ordi- 
narj'  power  work,  especially  where  the  motors  are  in  small  units, 
as  a  modification  of  the  old  contract  system  where  the  representa- 
tive of  the  company  would  souint  at  the  ])ulleys  and  belts  and  do  a 
little  figuring  in  his  note  booK  and  then  make  a  contract  for  about 
300  per  cent,  profit  over  the  actual  estimated  cost  of  current. 
Those  days  have  gone  by,  fortunately  for  some ;  but  it  would  seem 
to  me  that  on  small  motors  and  to  a  certain  extent  larger  ones,  it 
would  be  perfectly  feasible  to  have  a  register  which  should  so  record 
that  the  motor  could  be  charged  for  simply  by  the  hour.  That 
has  been  tried  in  some  cases  and  I  understand  with  very  satis- 
factory results.  The  central  station  man  can  probably  get  more 
money  for  his  current  than  he  would  with  a  v/att-meter.  The 
customer  on  the  other  hand  knows  that  everv'  hour  that  he  uses  his 
motor,  it  costs  him  just  so  much,  this  register  being  read  at  the 
end  of  the  month  precisely  as  on  any  ordinary  meter,  and  he  pays 
for  so  many  hours  use  of  the  motor,  the  rate  being  made  on  what 
can  be  very  reasonably  judged  as  the  average  probable  current 
consumption  which  it  is  fair  to  get  at  for  an  hour,  but  rather 
doubtful  when  you  come  to  multiply  that  by  300  days  in  the 
year. 

Mr.  a.  E.  Guilds: — I  would  like  to  ask  Mr.  Haskins  a  few 
(|uestion6  with  regard  to  this  slot  meter  which  he  has  brought 
forward,  as  to  whether  he  has  any  figures  as  to  its  use  in  this 
country  and  as  to  whether  it  has  been  successfully  and  satisfac- 
torily used  in  Europe.  The  size  and  weight  and  cost  are  ques- 
tions I  would  like  to  hear  about  too. 

Mk.  IIaskins : — Replying  to  the  last  speaker,  I  have  not  any 
absolute  figures  on  American  practice.  I  think  that  American 
practice  is  very  new,  and  what  figures  are  available  have  been 
kept  for  the  use  of  the  initiators  of  the  system.  The  system  has 
been  very  widely  used  in  London  and  has  spread,  I  believe,  to 
some  four  or  five  other  large  cities  in  Great  Britain.  I  believe 
continental  practice  is  somewhat  slower  and  is  behind  that  of 
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Great  Britain.  In  a  gas  meter  I  understand  that  the  extra  cost  ia 
about  30  per  cent,  of  the  whole.  I  would  add  that  the  rate 
charge  is  something  more  than  30  per  cent,  higher  The  weight 
of  the  gas  meter,  and  it  is  almost  entirely  limited  as  yet,  to  gas 
practice,  is  not  materially  increased.  While  I  have  not  any 
positive  figures  I  think  I  would  be  safe  in  saying  that  the  weight 
18  not  increased  more  than  about  15  per  cent.,  it  as  much.  The 
method  of  operation  varies  in  the  different  devices.  The  whole 
thing  might  be  compared  to  a  chewing  gum  machine  such  as 
one  sees  on  the  elevated  railroad  platforms.  It  is  common  to 
have  a  slot  for  coins  and  some  kind  of  an  actuating  movement, 
either  in  the  shape  of  a  slight  push  rod  or  crank  which  does 
the  mechanical  work,  and  most  of  these  devices  are  deficient  in 
that  they  commonly  permit  the  deposit  of  only  one  coin  at  a  time. 
You  have  got  to  use  up  the  value  of  that  coin  before  you  can 
deposit  any  more. 

lleferring  to  what  Mr.  Spaulding  said  I  think  there  may  be 
some  applications  for  what  ne  mentioned.  I  believe  that  such  a 
device  was  oflfered  in  the  market  for  some  time  about  two  years 
ago.  It  was  made  in  the  west.  It  is  better  than  the  contract 
system,  but  it  is  not  metering.  Not  a  j>ropos  of  what  Mr. 
Spaulding  said,  though  it  is  suggested  to  my  mind  by  it,  I  want 
to  tell  a  story.  I  had  some  connection  some  time  ago  with  a 
young  man  who  was  engaged  in  meter  testing.  He  had  prev- 
iously appealed  to  me  for  a  ready  method  of  testing  motors  in 
connection  with  meters,  and  I  supposed  that  I  had  given  him 
one,  but  he  pat^sed  out  of  the  enmloy  of  the  firm  with  whom  he 
was,  and  they  kept  his  note-books.  One  day  they  brought  me 
his  note-book  remarking  that  they  saw  noted  under  njy  name  a 
method  of  testing  meters  with  motors  and  wanted  to  know  if  it 
was  right.  It  read  like  this — reminding  me  of  what  Mr.  Spaulding 
said  about  s<|uintiug  at  a  shaft — "  Estimate  the  horse-])ower  of 
work  being  done  by  the  motor,  and  test  the  meter  bv  the  common 
formula.  If  the  results  agree  within  10  per  cent.,  all  right,  if  not, 
estimate  the  motor  again. 

The  Chairman  (Mr.  Steinmetz) : — GerUlemen,  I  fully  agree 
with  Dr  Bell  that  it  is  very  desirable  to  have  some  means  of 
charging  for  the  wattless  currents  in  alternating  current  circuits. 
It  is  not  fair  to  charge  a  customer  by  ammeter  for  all  the  watt- 
less current  he  uses,  especially  as  you  would  not  keep  any  cus- 
tomers in  this  way.  It  is  not  fair,  because  this  current  does  not 
represent  power  to  the  customer  or  to  the  central  station.  How- 
ever, it  is  not  fair  either  to  charge  by  watt-meter,  because  you 
then  do  not  charge  for  those  wattless  currents  which  do  represent 
power  as  loss  in  hues  and  transformers  and  wasted  station  capacity 
and  thus  interest  charge.  Therefore  it  would  be  desirable  to 
oharge  for  a  part  of  the  wattless  currents,  a  part  sufficiently  large 
to  take  care  of  the  losses  due  to  resistance  of  lines  and  transform- 
ers and  generator  capacity.     It  is  very  easy  to  do  that  with  the 
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recording  watt  meter.  The  only  thing  necessary  is  to  replace  a 
part  of  the  non  inductive  resistance  of  the  potential  coil  by  react- 
ance. Asmime  that  we  insert  in  the  armature  or  potential  circuit  of 
the  recording  watt-meter  an  inductive  reactance  equal  to  ^0%  of  its 
impedance,  reducing  the  resistance  correspondingly,  so  that  the 
meter  reads  correctly  at  non-inductive  load.  On  a  highly  induct- 
ive load,  of  20%  power  factor  or  so— as  the  current  of  an  induc- 
tion motor  running  light — the  meter  will  read  just  twice  the 
?ower  or  will  read  about  one  quarter  of  the  wattless  current, 
'hat  is  probably  a  very  fair  charge.  You  may  make  it  anything 
you  want  by  varying  the  self-induction.  Such  meters  are  in 
operation,  but  there  is  one  difficulty  with  them,  as  you  can  see, 
not  on  the  electric  side  of  it  indeed,  but  you  cannot  supply  such 
nieters  except  on  special  request,  because  if  you  supply  such  a 
meter,  which  is  an  entirely  lalr  and  proper  meter  to  use,  then 
somebody  tests  it  under  highly  inductve  load  and  finds  the  meter 
100  per  cent,  wrong.  The  next  thing  you  hear  is,  it  appears  in 
some  paper,  that  the  meter  is  entirely  wrong  and  unreliable  on 
inductive  load.  Thus  you  can  only  build  such  meters  on  special 
request.  Now  it  is  necessary  to  take  some  steps  like  this,  espe- 
cially wliere  the  motors  are  supplied  by  the  customer;  otherwise 
the  customer  buys  some  cheap  kind  of  induction  motor  with  a 
horribly  low  power  factor,  or  at  least  installs  a  motor  by  far  too 
large  for  the  work  to  do,  and  runs  it  very  light  most  of  the  time — 
that  is  at  poor  power  factor — causing  wattless  current  of  excessive 
value  to  run  all  this  time  over  the  circuit  without  being  charged 
for  but  using  up  line  and  station  capacity. 

There  is  one  point  in  the  paper  on  the  wave-shape  which  is 
very  interesting  and  where  something  more  can  be  said.  The 
meter  should  be  correct  for  different  wave  shapes.  For  not  only 
with  different  machines  but  even  with  the  same  machine  on  a 
different  load,  the  wave  shape  of  the  circuit  may  change,  not  if 
you  have  lights  in  circuit  only,  but  if  you  juit  in  any  inductive 
device,  sav  a  fan  motor  or  reactive  coil.  The  current  wave  con- 
sumed by  the  fan  motor  essentially  differs  from  the  wave  of  the 
electromotive  force,  and  consequently  there  are  current  meters 
which  read  wrong  in  such  cases  and  cannot  give  accurate  reading. 
On  a  fan  motor  load  some  current  meters  read  low,  and  some  one 
told  me,  in  all  apparent  truth,  that  if  he  had  several  lights  run- 
ning on  a  meter  and  leaves  the  lights  on  and  puts  a  fan  motor  in 
besides,  the  meter  slows  down.  I  don't  know  whether  that  is  not 
exaggerated,  but  there  is  decidedly  a  lag  in  the  meter  to  read  fan 
motor  current.  More  vicious  probably  than  the  fan  motor  cur- 
rent is  the  current  taken  by  the  high  frequency  sets  to  produce 
X  rays,  because  thereby  the  secondary  current,  of  the  condenser 
discharge,  is  oscillating,  and  the  primary  current  is  decidedly 
affected  thereby  and  broken  up,  so  that  it  is  quite  likely  a  very 
large  current  may  flow  and  the  meter  not  take  any  notice  of  it. 
The  watt-meter  is  much  less  liable  to  this  difficulty.     The  owVj 
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error  in  a  watt-meter  may  be  due  to  very  rapid  oscillations  which 
may  not  be  recorded,  but  which  are  not  very  likely  to  occur. 

Mb.  Haskins  : — In  regard  to  what  Mr.  Steinnietz  said  in  con- 
nection with  the  slowing  down  of  meters  by  throwing  on  addi- 
tional load,  I  would  say  that  I  have  met  such  meters  and  tested 
them.  Out  of  the  west  there  came  a  story  that  a  certain  kind 
of  meter  (which  by  the  way  is  not  now  obtainable),  was  in  one 
town  commonly  reversed  and  backed  up  dail}'  by  a  cnstomer 
who  ran  it  on  his  lights  normally,  and  who,  when  he  was. 
not  running  his  lights,  put  a  special  form  of  choking  doil  onto  a 
lamp  socket,  thus  backing  the  meter  up.  He  generally  backed 
it  up  long  enough  to  nearly  cancel  what  it  made  running  ahead. 
I  should  scarcely  care  to  absolutety  vouch  for  this  report  how- 
ever. 

[Recess.] 


Evening  Session— Tuesday,  July  27th,  8.16  P.  M. 

The  meeting  was  called  to  order  by  President  Crocker  at  8.15 
P.M. 

Tmk  President: — Before  proceeding  with  the  business  of  the 
evening,  I  have  to  announce  that  to-morrow  morning,  after  the 
first  paper,  Prof.  Owens  would  like  to  present  an  invitation  to 
the  Institute  to  come  to  the  Trans-Mississippi  Exposition  next 
year  to  hold  the  General  Meeting,  and  I  will  also  make  an  in- 
formal report  to  the  Institute  as  to  the  adoption  of  the  "  National 
Electric  Code."  The  first  paper  on  this  evening's  programme  is 
'*A  llisiorical  Sketch  of  the  Fire  Alarm  Telegraph"  by  Mr. 
Adam  Bosch. 

SfiCBKTARY  Pope  : — I  wish  to  call  attention  to  the  fact  that  the 
original  signal  I  ox  referred  to  in  Mr.  Bosch's  paper,  also  the 
second  form  which  followed  it,  and  the  third,  are  on  exhibition 
in  the  collection  of  Mr.  Farmer's  inventions. 


A  P^iptr  prestniid  at  the  I4ik  Central  Meeting  of 
iht  Amertean  Instt'tute  0/  Eleetrieai  Engineers^ 
ElUty  Me.^  July  rjtk^  iSiffs  President  Crocker  in 
the  Chair. 


HISTORICAL  SKETCH   OF  THE   FIRE  ALARM 

TELEGRAPH. 


BY    ADAM    B()8<",H. 


On  June  3d,  1845,  the  BoHt/>n  Adrertitttt*  published  a  com- 
niunieatiou  by  Dr.  W.  F.  C -banning,  in  which  public  attention 
wa8  called  to  a  new  application  of  the  telegraph,  in  these  words : 
"  There  is  a  highly  important  application  of  the  Electric-Magnetic 
Telegraph  to  whicli  public  attention  has  not  as  yet  been  directed. 
This  is  its  use  in  our  cities,  to  give  an  instantaneous,  universal 
and  definite  alarm  in  case  of  tire.  The  peculiar  properties  of 
the  telegraph — rapidity  and  precision  of  communication — are,  ia 
this  instance,  preeminently  needed." 

The  writer  then  goes  on  to  imfold  his  plan,  substantially  a* 
follows:  A  central  office  was  to  be  established  in  some  public 
building,  in  which  the  necessary  battery,  together  with  a  Morse 
register  au<l  an  alarm  bell,  should  be  located ;  a  double  wire  to 
proceed  from  thence  over  the  housetops  successively  to  every 
engine-house  and  fire  bell  in  the  city,  and  return  again  to  com- 
plete it«  circuit  to  the  plac^e  from  whence  it  started.  In  every 
station  thus  established,  a  Morse  register  in  connection  with  an 
alarm  bell  was  to  be  placed,  also  a  key,  by  the  simple  depression 
of  which  an  appropriate  signal  would  be  instantly  conveyed  to 
every  other  station  on  the  circuit. 

He  also  suggested  the  modification  of  having  five  or  six  cir- 
cuits, or  even  a  circuit  from  every  station,  to  the  central  office. 
Wy  this  method  the  operator  would  be  able  to  communicate 
directly  to  all  the  stations,  and,  if  so  desired,  every  alarm  of  fire 
might  be  made  to  pass  through  the  central  office  before  being 
communicated  to  the  different  stations.     From  among  the  many 

880 


886  BOSCH  ON  FIRE  ALARM  TELEGRAPH.  [July  27. 

modifications  to  which  his  design  is  susceptible,  Dr.  Channing 
calls  special  attention  to  one,  in  tliese  words :  "  Tiiere  is,  how- 
ever, one  which  deserves  to  be  specially  mentioned.  By  a  slight 
change  of  the  arrangement  at  the  alarm  bell  stations,  and  increase 
of  machinery,  the  hammers  of  the  bells  could  all  be  disposed  so 
as  to  strike  mechanically  on  the  comnmnication  of  a  galvanic 
impulse  from  the  central  office.  The  agent  (operator)  would 
therefore  be  enabled,  by  depressing  a  single  key  with  his  iiiiger 
at  certain  intervals,  to  ring  ont  an  alarm  defining  the  position  of 
the  fire  simultaneously  on  Qyary  church  bell  in  the  city."'  This 
description  clearly  indi<*iite8  the  electro-mechanical  bell  striker, 
which  had  not  yet  been  invented.  In  conclusion,  Dr.  Channing 
urged  the  municipal  authorities  to  take  his  project  into  consider- 
ation; and,  as  the  city  had  been  behindhand  in  the  matter  of  giv- 
ing alarms  of  fire,  the  adoption  of  this  system  would  place  her 
in  advance  of  other  cities. 

The  next  effort  to  apply  the  telegraph  to  fire  alarm  purposes 
was  made  in  1847,  by  F.  ().  J.  Smith,  who  was  at  that  time  in 
charge  of  the  Morse  telegraph  interest  in  the  Xew  England 
Btates.  Mr.  Smith  consulted  Moses  (t.  Planner,  whom  he  con- 
sidered one  of  the  foremost  electricians  in  the  country,  as 
to  the  possibility  of  striking  a  number  of  large  l)ells  simul- 
taneously by  means  of  electricity.  Farmer  agreed  to  pro- 
duce an  apparatus  by  means  of  which  this  could  be  done, 
and  in  a  short  time  exhibited  to  Smith  a  model  of  his  invention, 
the  simple  and  beautiful  piece  of  mechanism  which  afterward 
l>ecame  well  known  as  the  falling  ball  electro-magnetic  escape- 
ment. This  was  substituted  for  the  mechanical  escapement  on  a 
church-clock  striking  apparatus  in  common  use  at  that  time. 
Mr.  Smith  was  highly  pleased  with  the  apparatus,  and  immedi- 
ately submitted  a  plan  for  establishing  a  tire  alarm  telogra|)h  to 
Josiah  Quincy,  Jr.,  Mayor  of  the  city  of  Boston.  This  plan 
proposed  connecting  15  engine-houses  by  telegraj)h,  and  equip- 
ping three  large  bells  with  electric-bell  striking  machines,  the 
same  to  be  operated  sinmltaneously  from  some  convenient  point. 
Mayor  Quincy,  in  his  animal  address,  January  8d,  1848,  recom- 
mended this  subject  to  the  consideration  of  the  Board  of  Alder- 
men, which  body  acted  on  this  recommendation  to  the  extent  of 
ordering  two  bell-striking  machines  for  the  city.  They  were 
made  under  the  direction  of  Farmer,  and,  when  completed,  sub- 
mitted to  a  public  trial,  which  proved  very  satisfactory.     After 
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this  the  city  authorities  took  no  furtlier  action  in  the  matter,  and 
Mr.  Smith  abandoned  the  subject. 

Early  in  the  year  1851,  Dr.  Channing,  who  had,  in  the  six 
years  since  the  first  publication  of  liis  i)lan8  relating  to  the  estab- 
lishment of  a  fire  alarm  telegraph,  spent  much  time  and  thought 
in  his  endeavor  to  shape  jniblic  sentiment  favorable  to  his  project, 
sent  an  elaborate  and  well  considered  communication  to  the 
Mayor  and  Board  of  Aldermen  of  the  city  of  Boston,  commend- 
ing his  tire  alarm  system  to  their  consideration,  accompanying 
this  communication  with  diagrams  of  the  proposed  signal  and 
alarm  circuits,  a  map  showing  the  division  of  the  city  into  six 
districts,  a  description  of  the  apparatus  required,  an  estimate  of 
the  probable  cost,  and  also  an  offer  to  give  a  practical  exhibition 
to  demonstrate  the  feasibility  of  the  system,  if  desired.  The 
general  outline  of  the  system  as  proposed  was  as  follows : 

The  city  was  to  be  divided  into  six  tire  districts.  Three  signal 
and  three  alarm  circuits  were  to  be  constructed.  To  avoid  pos- 
sible interruptions  of  the  circuits,  all  wires  were  to  he  run 
double.  The  ground  was  not  to  be  used  as  any  part  of  the  cir- 
cuit, for  the  reason  that  unauthorized  persons  might  complete 
the  circuit  by  establishing  connection  between  the  wires  and  the 
ground.  The  whole  of  the  machinery  of  the  signal  stations  was 
to  consist  of  a  signal  key,  locked  in  a  small  box. 

The  central  office  was  to  be  located  at  the  City  Hall,  and  the 
apparatus  to  consist  of  a  receiving  magnet  (relay)  on  every  signal 
circuit,  and  a  local  circuit  to  operate  a  register  and  alarm  bell. 
For  an  apparatus  to  transmit  alarms  to  the  large  bells,  the 
employment  of  an  instrument  moved  by  clockwork,  then  well 
known  in  connection  with  the  Morse  telegraph,  was  suggested. 
This  consisted  of  a  cylinder  made  of  wood,  having  a  metal  core, 
over  which  a  number  of  keys  fashioned  like  piano  keys  were 
arranged,  and  under  each  key,  strips  of  metal  in  groups,  were 
fastened  to  the  cylinder  and  coimected  with  the  core.  When 
this  cylinder  was  set  in  motion  and  one  of  the  keys  depressed, 
a  spring  would  bear  on  the  cylinder,  and,  if  properly  connected, 
a  signal  was  given  corresponding  to  the  number  and  position  of 
the  metallic  strips  under  this  particular  key.  It  was  in  connec- 
tion with  preparations  for  the  proposed  exhibition  previously 
mentioned,  that  Dr.  (-hanning  made  a  search  for  the  two  models 
of  l)eli-striking  machines  made  in  1848  for  the  city.  He  found 
them  stowed  away  in  a  lumber  room,  and  covered  with  dust. 
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He  had  himself  devised  an  electric  escapement  for  bell-striking 
machines,  but  he  quickly  recognized  the  great  superiority  of  the 
one  invented  by  Farmer,  and  therefore  decided  to  use  the  models 
in  his  public  demonstration.  Desiring  to  obtain  the  inventor's 
assistance  at  this  exhibition,  he  sought  an  interview  with  Farmer, 
who  readily  consented.  At  this  meeting  they  agreed  to  join 
their  interests  and  co-operate  in  all  matters  relating  to  the  estab- 
lishment of  a  lire  alarm  telegraph.  An  exhibition  was  soon 
given  before  the  Mayor  and  Board  of  Aldermen,  at  which 
Farmer  assisted.  It  proved  highly  successful,  and  resulted  in  an 
appropriation  of  $10,000  by  the  city  government  for  the  purpose 
of  carrying  out  the  proposed  plans. 

At  the  urgent  request  of  Dr.  Channing,  Farmer  was  appointed 
Superintendent  of  Construction,  lie  entered  upon  his  duties  at 
once  and  with  characteristic  energy.  The  task  before  him  was 
not  an  easy  one.  "  Something  new  under  the  sun  ''  was  about  to 
be  established.  For  months  nearly  all  the  work  was  experi- 
mental ;  apparatus  was  constructed  and  discarded  as  defects 
manifested,  or  improvements  suggested  themselves. 

In  the  construction  of  the  signal  boxes  the  first  departure  from 
the  original  plan  was  made  by  adding  a  wheel  and  crank  to  op- 
perate  the  key.  This  wheel  had  certain  definite  ])roje(*tions  upon 
it,  their  width  and  position  varying  with  the  signal  to  be  con- 
veyed, the  wide  projections  being  for  dashes,  the  other  for  dots. 
On  tuniing  the  crank  each  projection  on  the  wheel  would  in  its 
turn  open  the  key,  and  keep  it  open  for  a  longer  or  shorter 
period  of  time  according  to  the  width  of  the  projection.  The 
handle  of  the  crank  was  weighted  for  the  purpose  of  maintaining 
the  wheel  in  its  normal  position  where  none  of  its  ]>rojections 
were  in  contact  with  the  key. 

It  was  soon  discovered  that  considerable  skill  was  required  to 
operate  this  device  with  any  degree  of  regularity  ;  the  motion  of 
the  crank  in  unskilled  hands  w«is  so  irregular  that  the  signals 
could  not  be  distinguished  as  printed  by  the  register.  This  was 
therefore  discarded,  and  other  appamtus  constructed  with  the 
same  break-wheel,  but  the  cmnk  was  so  arranged  in  connection 
with  tw^o  gear  wheels  that  two  revolutions  of  the  crank  were 
necessary  to  produce  one  revolution  of  the  break- wheel. 

Considerable  trouble  was  also  experienced  in  the  j)oint  of  contact 
of  the  signal  keys.  This  was  remedied  by  sul)stituting  a  sliding 
contact.   In  the  original  plan  the  signal  box  was  designed  simply 
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to  transmit  the  number  of  the  district  in  which  it  was  located. 
The  improved  apparatus  also  gave  the  station  number ;  tlie  dis- 
trict number  by  dots,  and  the  station  number  by  dashes  and  dots; 
this  added  greatly  to  its  value  as  a  means  of  indicating  the  exact 
locality  of  a  fire. 

But  the  most  radical  departure  from  the  plan  was  made  by 
placing  the  signal  boxes  on  the  outside  iust^md  of  the  inside  of 
buildings  as  originally  intended  ;  this  change  necessitated  better 
protection  for  the  apparatus.  This  was  effected  by  placing  the 
iron  ca^e  which  contained  the  mechanism  into  a  strong  iron  box, 
in  form  similar  to  the  one  in*  general  use  for  that  purpose  at  the 
present  time. 

If  the  difficulties  encountered  in  the  construction  of  the  signal 
box  apparatus  were  great,  those  met  with  in  the  construction  of 
the  l>ell-striking  machines  were  gigantic.  Farmer's  original 
models  were  made  to  strike  bells  weighing  from  75  to  150  lbs., 
and  now  19  machines  were  to  be  built  to  strike  bells  weighing 
from  300  to  3700  pounds. 

It  was  necessary  that  all  the  bells  whether  large  or  small  should 
be  struck  successive  blows  in  the  same  short  period  of  time,  and, 
to  satisfy  the  public,  that  they  should  be  struck  with  a  force  no 
less  than  that  by  which  they  were  formerly  struck  by  means  of 
rope  and  tolling  hammer.  To  accomplish  this,  weights  of  from 
800  to  2000  pounds  according  to  the  size  of  the  bell  to  be  struck 
were  found  to  be  necessary.  Every  point  in  connection  with 
these  machines  had  to  be  deternuned  ex[>erimentally.  It  was  a 
problem  without  any  known  factors.  Machines  were  built,  tried 
and  discarded.  For  the  largest  sized  bells  three  machines  were 
built  before  one  was  found  to  answer  the  purpose. 

IvO(*ality  had  to  be  considered.  In  some  of  the  belfries  the 
space  for  the  machines  was  ample,  in  others  it  required  various 
modifications  of  the  apparatus  in  order  for  it  to  be  properly 
placed.  What  added  greatly  to  the  ])erplexity  of  the  situation 
was  the  fact  that  all  the  experiments  had  to  be  made  in  public. 
To  test  the  machinery  it  was  necessary  to  strike  the  bells,  and,  it 
is  therefore  not  to  be  wondered  at,  that  complaints  about  the  in- 
cessant clanging  of  the  bells  were  heard  all  over  the  city.  The 
citizens  were  far  from  being  unanimous  in  favor  of  the  experi- 
ment. The  man  who  knows  it  won't  work,  as  well  as  the  man 
who  knows  that  even  if  it  does  work  it  won't  be  as  good  as  the 
old  method ;  both  resided  in  Boston  at  that  time  as  they  reside 


540  BOSCH  OX  FIRE  ALARM  TELEGRAPH,  [July  27, 

everywhere,  where  important  improvements  are  about  to  be 
made.  Dr.  Channing  wlio  was  a  charming  writer,  wrote  many 
Articles  for  the  daily  papei*8  in  order  to  create  a  stronger  public 
sentiment  in  favor  of  the  ex|)eriment. 

As  in  the  original  plan  the  apparatus  furnished  for  the  central 
office  consisted  of  a  cylinder  transmitter  or  key-board  as  it  was 
•called,  vQvy  much  improved ;  the  keys  were  so  arranged  that 
simply  depressing  one  of  them  would  liberate  the  clockwork  and 
start  the  cylinder,  and  upon  releasing  the  pressure  it  would  come 
to  a  stop  in  its  normal  position.  In  order  to  economize  battery 
power,  three  metal  springs  were  placed  on  the  underside  of  the 
keys.  Each  spring  was  connected  with  one  of  the  three  alarm 
circuits  and  so  arranged  tliat  as  the  cylinder  revolved,  each  metal 
strip  on  its  surface  would  make  connection  with  each  spring  suc- 
cessively, thus  allowing  the  same  battery  to  be  thrown  on  each 
one  of  the  three  circuits  in  (]uick  succession. 

For  the  Morse  register  to  be  used  in  connection  with  the  alarm 
circuits  to  indicate  the  number  of  blows  struck  on  the  bells,  an 
indicator  was  devised  consisting  of  three  revolving  cylinders  on 
which  the  numbers  were  exhibited  in  large  plain  ligures. 

On  another  instrument  not  mentioned  in  the  original  plan  but 
very  useful  and  important  was  an  automatic  circuit- testing  clock 
which  tested  the  circuits  once  every  hour. 

In  the  spring  of  1852  the  system  was  so  far  completed  that  it 
was  deemed  sufficiently  reliable  to  submit  it  to  public  use.  Nearly 
A  year  had  passed  since  the  work  was  begun.  The  time  required 
as  well  as  the  cost,  far  exceeded  the  original  estimates.  The 
$10,000  appropriated  at  the  beginning  was  spent  long  before  the 
work  was  completed,  and  a  further  appropriation  amounting  to 
nearlv  $r),000  were  found  to  be  necessary.  This  was  caused 
partly  by  the  extraordinary  difficulties  encountered,  and  |mrtly 
by  the  extension  and  improvement  of  the  system  beyond  the 
requirements  of  the  original  plan.  Thus  instead  of  2<)  signal 
stations,  80  were  established. 

April  28th,  1852,  was  decided  upon  as  the  day  on  which  the 
new  method  of  giving  alarms  of  fire  should  go  into  effect.  That 
there  was  considerable  misgiving  concerning  the  reliability  of 
the  new  system,  and  which,  as  the  result  showed,  was  not  alto- 
gether groundless,  the  following  extract  from  the  printed  direc- 
tions issued  before  the  telegraph  went  into  use  will  abundantly 
flhow  : 
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"Before  giving  an  alarm  be  sure  that  a  tire  has  occurred  within 
"  your  district ;  l)eing  reasonably  certain  of  that,  turn  the  crank 
"  within  the  box,  say  ten  times,  not  too  fast,  and  wait.  If  the 
"  signal  is  perfect,  you  now  have  registered  at  tlie  central  oftice 
"  the  number  of  vour  district,  as  well  as  the  number  of  your  box. 
"  If  the  alarm  is  heard  at  the  central  office,  the  operator  there 
"  will  indicate  the  fact  to  you  as  soon  as  you  have  ceased,  by 
"  striking  the  number  of  your  district  with  the  small  magnet  in 
"  your  box,  twice  at  least.  Should  you  not  hear  this,  turn  the 
"  crank  again,  more  slowly.  Should  you  not  then  hear  the 
"  response,  go  to  another  box,  and  if  equally  unsuccessful  there,. 
'*  carry  the  alarm  yourself  to  the  central  oftice  " 

That  the  latter  injunction  was  not  unnecessary  is  evinced  by 
the  entry  in  the  Journal  of  the  Central  Oftice,  on  April  29th,  the 
day  after  the  telegraph  was  given  over  to  public  use,  thus,  "First 
Alarm,  8.25  p.  m.  from  Station  7,  District  I,  J.  H.  Goodale  turns 
the  crank  like  lightning  could  not  read;  brought  alarm  to  office." 
In  this  case  the  register  failed  on  account  of  the  great  speed  with 
which  the  signal  was  sent.  During  the  striking  of  this  alarm  on 
the  l>ells,  four  machines  were  disabled.  For  many  months  after 
the  system  went  into  operation,  serious  defects  were  continually 
developing,  and  a  time  of  great  anxiety  for  its  projectors  ensued. 
Farmer  and  his  assistants,  in  ceaseless  activity,  spent  day  and 
night  modifying,  improving  and  adjusting  apparatus.  The  alarm 
bells  were  a  source  of  the  greatest  trouble  and  anxiety ;  their 
failure  to  strike  correctly  encouraged  the  opposition  to  the  system 
to  renewed  effort  in  which,  strange  to  say,  the  tiremen  were  most 
prominent.  But  gradually,  by  unremitting  exertion  difficulty 
after  ditficultv  was  overcome,  and  by  the  end  of  the  vear  a  rea- 
sonable  amount  of  confidence  was  felt  in  the  reliability  of  their 
performance.  Another  cause  of  anxiety,  especially  to  the  operat- 
ors at  the  central  office  was  the  irregular  manner  in  which  the 
cmnk  was  often  turned,  giving  an  alarm  from  the  signal  boxes; 
some  persons  laboring  under  intense  excitement  would  whirl  it 
around  with  a  speed  that  fairly  defied  the  register  to  print  the 
signal ;  others,  mindful  of  the  instructions  to  turn  slowly,  would 
turn  the  crank  with  such  exaggerated  deliberation,  tliat  it  required 
a  long  investigation  on  part  of  the  oi)erator  which  was  not  always 
successful,  to  distinguish  dots  from  the  dashes.  On  January  Ist, 
1852,  in  view  of  the  early  completion  of  the  work,  and  in  order 
to  retain  his  services  for  the  first  few  months  of  its  practical 
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operation,  the  Board  of  Aldermen  liad  elected  Farmer  8Uj)erin- 
tendent  of  the  new  system  for  a  term  of  i^ix  mouths.  It  wa8 
generally  conceded  that  no  one  else  could  make  it  a  practical 
success.  The  friends  of  Farmer  who  urged  him  to  accept  the 
position,  deemed  it  of  the  utmost  importance  that  the  experiment 
should  be  made  a  success  from  the  beginning,  as  a  failure  at  that 
time  in  Boston  would  be  fatal  to  its  introduction  into  other  cities. 
Farmer  accei)ted  the  position,  but  instead  of  six  months,  three 
years  passed  before  he  considered  the  system  in  such  a  condition 
that  he  might  safely  place  its  management  into  other  hands. 

The  first  city  after  Boston,  to  adopt  the  fire  alarm  telegraph 
Avas  Philadelphia,  where  it  was  introduced  in  1855. 

In  1855,  Dr.  Channing,  who  had  done  much  to  bring  the  sul)- 
ject  of  the  fire  alarm  telegraph  before  the  public  and  city 
authorities,  delivered  a  very  interesting  lecture  before  the  Smith- 
sonian Institution.  It  was  through  this  lecture  that  the  atten- 
tion of  J.  N.  Gamewell  was  first  directed  t(»  the  fire  alarm  tele- 
graph. On  the  occasion  of  a  visit,  Professor  Ilenry  called  his 
attention  to  the  lecture  and  })re8ente<l  him  with  a  copy.  Im- 
mediately after  its  perusal  he  started  for  Boston  and  acMjuired 
the  rights  for  the  southern  and  western  states. 

The  fundamental  patent  covering  the  invention  of  the  fire 
alarm  telegraph,  as  exem])]ified  by  the  Boston  system,  was  granted 
to  (^'banning  and  Farmer,  May  IDtli,  1^57.  Another  patent  was 
issued  to  them  in  March  8th,  1851*  for  a  repeater. 

The  following  patents  relating  to  fire  alarm  telegraph  aj>- 
paratus  \vere  granted  to  Farmer  alone. 

May  4th,  1852;  Electro-Magnetic  bell  striking  api)aratus. 

Jan.  11th,  1851),  for  an  imj)roved  signal  box,  in  which  the 
magnets  were  shunted  by  the  closing  of  the  outside  box  door, 
a  practice  that  has  been  followed  up  to  the  ]>resent  <lay. 

February  22nd,  1850  for  an  automatic  svstem  in  which  the 
central  office  is  dispensed  with,  and  the  signal  boxes  and  alarm 
bells  are  all  placed  on  one  circuit,  and  where  consequently,  when 
an  alarm  of  fire  is  given,  all  the  bells  will  strike  instantly  and 
simultaneously,  without  the  aid  of  an  operator.  This  was  called 
the  village  system,  from  its  adaptability  to  ^niall  places,  where 
the  expense  of  a  central  office  would  be  prohihitorv. 

Two  other  patent.}?  were  grante<l  to  Farmer  in  185i».  One  was 
for  an  '*  electric-magnetic  appanitus  for  setting  water  motors  in 
motion.''     This  was  applied,  f<»r  a  short  time,  to  operate  some  of 
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the  bell-striking  machines  of  the  Boston  system  in  place  of 
weights.  The  other  patent  was  for  "  Mechanism  for  operating 
signal  whistles  by  electro-magnetism." 

A  very  important  improvement  was  made  in  185()  by  Chas.  T. 
Chester,  to  whom  a  patent  was  granted  for  an  "automatic  elec- 
trical circuit  !)reaker."  In  this  apparatus  the  break-wheel  was 
moved  automatically  by  means  of  clockwork  actuated  by  a 
spring.  Although  this  [>articular  apparatus  never  came  into 
public  use,  it  is  practically  the  first  automatic  signal  box  of 
which  we  have  any  knowledge. 

After  three  years  of  agitation  and  hard  work,  (Tamewell  and 
(.'Ompany  met  with  their  first  success  in  the  city  of  St.  Louis, 
where  they  installed  a  plant  in  1858.  St.  Louis  was,  therefore, 
the  third  city  to  adopt  the  fire  alarm  telegraph. 

In  185J)  the  same  firm  obtained,  by  purchase,  complete  control 
of  all  patents  relating  to  the  fire  alarm  telegraph  granted  to 
Cvhanningand  Farmer,  or  to  Farmer  alone.  Mr.  Gamewell  early 
recognized  the  fact  that  a  fire  alarm  telegraph  having  one  of  its 
most  vital  parts,  the  signal  box,  constantly  exposed  to  the 
elements,  to  the  heat  of  the  summer  and  to  the  cold  of  winter, 
to  rain  and  to  dust,  unused  until  an  emergency  arises,  and  where 
a  failure  of  the  apparatus  to  properly  operate  in  that  emergency 
might  result  in  the  destruction  of  property  to  the  value  of 
millions  and  even  in  the  sacrifice  of  human  life,  should  have  the 
best  apparatus  that  ingenuity  could  design  and  the  highest  skill 
execute.  With  this  object  iu  view,  he  soon  gathered  around 
himself  men  of  inventive  genius  and  great  mechanical  skill, 
three  of  whom  es|)ecially  distinguished  themselves  by  inventions 
of  the  greatest  njerit.  These  are  Edwin  Rogers,  James  M.  Gar- 
diner and  Moses  G.  Crane,  three  names  inseparably  connected 
with  the  development  of  the  fire  alarm  telegraph.  One  other 
name  should  not  be  forgotten,  that  of  John  Polsey,  to  whose 
superior  mechanical  skill  much  of  the  early  success  of  the  fire 
alarm  telegniph  is  due. 

The  fii*st  fire  alarm  system,  equipped  with  automatic  signal 
boxes  was  introduced  into  the  citv  of  Mobile  in  18(>6.  This  was 
an  automatic  system,  but,  unlike  Farmer's  village  system,  in 
which  all  the  apparatus  is  placed  on  one  circuit,  four  circuits 
were  provided.  This  had  never  been  attempted  before,  and  to 
make  it  possible  in  this  case,  a  new  apparatus  had  to  be  invented, 
by  means  of  which  a  signal  from  any  one  circuit  would  be  auto- 
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inatically  transmitted  to  every  other  circuit,  and  wliich  would 
mechanically  close  every  other  circuit,  should  any  one  circuit 
remain  open.  This  was  accomplished  by  Edwin  Rogers,  to- 
wliorn  a  patent  for  the  first  automatic  repeater  for  fire  alarm 
purposes  was  issued  in  1870. 

The  original  crank  signal  boxes  remained  in  service  in  Boston 
until  1866,  in  which  year  automatic  boxes  were  substituted  in 
their  place.  The  following  year,  Joseph  B.  Steams,  the  imme- 
diate successor  of  Farmer  in  the  superin tendency  of  the  Boston 
fire  alarm  telegraph,  received  a  patent  for  an  apparatus  operated 
by  "  reverse  currents,"  which  permitted  the  simultaneous  use  of 
the  same  wire  for  receiving  a  signal  from  a  box  and  transmitting 
it  to  the  alarm  bells.  Several  years  prior  to  the  introduction  of 
automatic  signal  boxes.  Steams  abandoned  the  method  of 
striking  the  district  numbers  on  the  bells,  and  new  boxes  were 
designed  to  strike  the  box  numbers  only.  While,  with  the  adop- 
tion of  the  automatic  signal  box,  the  speed  with  which  a  fire 
alarm  box  was  opeiated,  no  longer  depended  on  the  temperament 
or  mental  condition  of  the  person  giving  the  signal,  a  proof  was 
soon  furnished  that,  in  a  matter  of  this  kind,  as  little  as  |)ossible 
should  be  left  to  the  intelligence  of  the  public.  Incorrect  sig- 
nals were  often  received  from  these  boxes,  for  the  occurrence  of 
which  no  cause  could  be  assigned.  It  was  usually  the  first 
"  round  "  that  was  found  to  be  wrong.  This  remained  a  |>uzzle 
until  the  cause  was  discovered,  which  was  this — that  the  ])erson 
giving  the  alarm,  disregarding  the  instructions  to  "  pull  the  hook 
down  once  and  let  go,"*  would,  after  the  first  pull,  by  way  of 
emphasis,  give  the  hook  another  pull  or  two.  This  would  mo- 
mentarily suspend  the  movement  of  the  break-wheel,  and  if  it 
occurred  between  two  successive  breaks,  a  long  pause  would 
ensue,  and  the  signal  would  be  either  unintelligible  or  a  number 
entirely  different  from  the  box  number  would  be  transmitted. 
For  inventions  to  remedy  this  difiiculty,  two  patents  were  issued 
in  1869  for  "non-interference  pulls,"  one  to  Stephen  and  (-has. 
T.  Chester,  and  the  other  to  Edwin  Rogers  and  Mosc»s  (t.  Crane. 
In  the  former  invention,  the  arrangement  was  such  that,  after 
the  box  was  in  operation,  the  hook  could  not  again  engag(»  the 
mechanism  until  the  full  number  of  "  rounds"  were  completed  ; 
in  the  latter,  the  mechanism  could  be  engaged  aftei-  each  full 
ronnd. 

There  was  however  another  interference  of  a  very  serious  na- 


18»7.]  B08CH  ON  FIRE  ALARM  TELEQRAPH.  845 

tore  which  often  resulted  in  trouble  and  delay ;  this  was  the 
interference  caused  by  pulling  a  box  while  an  alarm  from  another 
box  was  in  process  of  transmission.  It  is  not  a  very  unusual  oc- 
currence to  have  two  or  three  boxes  pulled  for  the  same  fire,  and 
if  these  boxes  happened  to  be  on  the  same  circuit,  and  the  second 
was  pulled  before  a  full  round  of  the  first  box  was  completed,  a 
mixed  alarm  was  the  result.  In  such  cases  it  was  usually,  but 
not  always  possible  to  obtain  tlie  correct  signal  from  the  last 
round  of  the  second  box. 

The  first  patent  for  a  non-interference  box  was  issued  to  J.  N. 
Gamewell  in  1871.  This  is  a  normally  wound  box  (all  other 
automatic  boxes  were  either  actuated  by  weight,  or  if  by  spring 
were  pull  wound)  with  trigger  pull,  and  a  so-called  skeleton 
break-wheel,  that  is,  a  wheel  which  in  its  revolution  will  keep 
the  circuit  open  for  the  greatest  length  of  time  consistent  with 
the  proper  transmission  of  the  signal.  It  also  contains  an  electro- 
magnet, and  an  armature  which  when  it  is  in  a  position  away 
from  tlie  magnet,  shunts  the  break-wheel.  If  the  box  is  pulled 
while  the  armature  is  in  its  normal  position  against  the  magnet 
it  is  held  there  by  a  simple  contrivance  until  the  signal  is  com- 
plet^ed.  If  a  box  is  pulled  while  another  one  is  in  operation,  the 
same  contrivance  will  hold  the  armature  in  a  position  to  shunt 
the  break- wheel  of  the  second  box  during  the  time  of  its  opera- 
tion, and  therefore  no  interference  can  take  place.  The  only 
chance  of  an  interference  lies  in  the  possibility  that  the  hook  of 
the  second  box  should  be  pulled  the  instant  tlic  circuit  is  closed, 
and  the  armature  held  close  to  the  magnet,  l)ut,  as  owing  to  the 
construction  of  the  skeleton  break- wheel  these  periods  of  contact 
are  exceedingly  brief  the  chances  of  an  interference  are  very 
remote. 

In  1880  J.  M.  Gardiner  received  a  patent  for  a  non-interference 
signal  box  which  on  account  of  its  great  simplicity  and  mechan- 
ical |>erfection  has  maintained  its  great  popularity  to  the  present 
day.  In  this  box,  non-interference  is  not  effected  by  shunting 
the  break-wheel,  but  by  a  very  simple  method  the  box  pulled 
while  another  box  is  transmitting  its  signal  is  rendered  mechan- 
ically inoperative.  This  is  accomplished  in  the  following  man- 
ner. A  small  electro  magnet  in  connection  with  the  clock-work 
has  an  armature  with  a  wide  range  of  movement,  so  that  when 
fully  withdrawn  by  a  retractile  spring  it  is  beyond  the  attractive 
force  of  it«  magnet.     An  extension  on  this  armature  carries  a 


846  BOSCH  ON  FIRE  ALARM  TELEGRAPU.  [July  27, 

small  movable  dir^k.  Tliift  disk  when  the  armature  i«  in  its  normal 
position  drawn  to  tlie  ma^et,  takes  a  position  between  the  de- 
tent of  the  movenient  and  the  starting  lever.  If,  while  it  is  in 
this  position  the  box  is  pulled,  the  starting^  lever  raises  the  disk 
which  in  turn  raises  the  detent,  and  allows  the  clock-work  to 
Btart.  A  stationary  pin  on  the  outside  door  restores  the  arma> 
ture  and  holds  it  close  to  the  magnet  Avhether  the  circuit  is  open 
or  closed.  The  skeleton  break-wheel  is  also  an  essential  feature 
of  this  box,  and  consecjuently  during  the  entire  transmission  of  a 
signal  the  circuit  is  never  closed  longer  than  a  small  fraction  of 
a  second  at  one  time.  If  while  a  signal  is  being  transmitted  an 
attempt  is  made  to  pull  another  box  the  following  will  take  place. 
Before  the  door  of  the  box  is  opened  an  inch,  the  restoring  pin 
will  be  withdrawn  and  the  armature  becomes  free  to  recede,  and 
before  the  door  can  be  entirely  opened  and  the  hook  pulled  it 
will  be  withdrawn,  together  with  the  disk,  but  without  the  disk 
interposed  between  the  starting  lever  and  detent  the  movement 
cannot  be  started. 

One  of  the  most  effective  remedies  propcised  for  preventing 
the  interference  of  signals,  is  the  system  of  interlaced  circuits 
for  which  J.  N.  (lamewell  received  a  patent  in  1875.  In  car- 
rying out  this  metliod  the  <*ircuits  are  run  in  such  a  way  that  no 
two  adjacent  l)Oxes  are  on  the  same  circuit.  This  is  most  ea«y 
of  accom])lishment  in  cities  occupying  a  long  but  narrow  terri- 
torv.  In  cities  less  favorablv  situated  the  I'reat  amount  of  wire 
required  to  fully  carry  out  tliis  princii)le  ha*;  been  a  bar  to  its 
general  adoption.  An  a<lditional  advantage  derived  from  inter- 
laced circuits  is  this,  that  in  case  of  an  open  circuit  no  two  ad- 
jacent boxes  will  be  out  of  service  at  the  hame  time. 

If  two  signal  boxes  of  the  non-interference  type  are  pulled 
about  the  same  time,  the  one  that  has  j)rece(lence  l^y  as  much 
as  the  fmction  of  a  secoiul  will  tmnsmit  its  signal,  while  the 
other  will  be  ino|>erative.  To  prevent  the  loss  of  this  signal, 
John  J.  lluddick  invented  a  signal  box  in  which  this  is  accom- 
plished in  a  very  ingenious  manner.  AVitli  these  boxes  in  cir- 
cuit any  number  may  be  pulled  at  the  same  time,  and  all  will 
respond  successively.  AVhile  this  would  be  an  advantage  in  the 
extremelv  rare  cases  where  two  boxes  on  the  same  circuit  are 
pulled  at  the  same  time  for  two  different  tires,  it  would  be  a 
positive  disadvantage  in  all  other  cases  where  a  number  of  boxes 
are  pulled  for  the  same  lire,  to  have  the  circuit  occupied  trans- 
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inittiiig  uiuieeessary  signals,  should  the  iireinen  upon  their  ar- 
rival at  the  fire  find  a  s|)ecial  call,  or  a  second  alarm  necessary. 

A  problem  which  has  not  received  an  altogether  satisfastory 
solution,  is  how  to  make  the  signal  boxes  readily  accessible  to 
any  one  in  case  of  fire,  and  in  a  way  that  will  not  at  the  same 
time  render  it  easy  to  give  false  alarms. 

For  this  purpose  a  keyless  door  on  fire  alarm  boxes  has  been 
somewhat  extensively  used  in  the  larger  cities ;  these  doors  are 
simply  closed  by  a  latch  and  opened  by  a  handle.  On  turning 
the  handle  to  open  the  box,  a  concealed  gong  starts  to  ring  loudly 
and  thus  attracts  attention ;  this  device  answers  very  well  for  a 
densely  populated  section  of  a  city,  but  in  the  sparsely  populated 
portions,  its  benefit  is  not  so  apparent.  Many  cases  are  also  ou 
record  where  persons  who  opened  such  doors  with  the  intention 
of  sending  in  an  alarm,  failed  to  pull  the  hook,  being  under  the 
impression  that  the  striking  of  the  gong  was  an  indication  that 
the  signal  was  l>eing  transmitted. 

Other  methods,  such  as  placing  the  key  in  a  small  box  with  a 
glass  front  easily  broken,  and  located  conveniently  to  the  signal 
box,  or  over  the  key-hole  with  the  key  permanently  inserted 
therein,  have  been  tried  with  more  or  less  success. 

A  traplock  on  the  doors  of  signal  boxes  with  keys  numbered 
and  the  holders  name  registered,  and  where  consequently  a  key 
in  the  hands  of  a  malicious  person  can  be  used  but  once,  has 
been  found  very  eflFective  in  reducing  the  frequency  of  false 
alarms. 

In  one  of  the  most  onginal  plans  proposed,  the  l)oxes  are  placed 
inside  of  booths  with  mechanism  so  devised,  that  upon  pulling 
the  hook,  the  door  of  the  booth  will  close  and  hold  the  person 
giving  the  alarm  a  prisoner  until  released  by  the  proper  au- 
thoriticb. 

In  another  invention,  for  which  a  patent  was  issued,  the  booth 
was  dispensed  with,  but  instead,  the  box  w^as  provided  with 
hidden  mechanism  which  when  released  by  pulling  the  hook, 
would  firmly  clasp  and  hold  the  wrist  of  the  person  sending  the 
alarm.  For  reasons  obvious  to  everyone  but  the  inventors, 
neither  one  of  these  inventions  ever  found  its  way  into  public  use. 

A  not  inconsiderable  share  of  the  unreliability  of  the  fire 
alarm  telegraph  in  it-s  earliest  stages  must  be  ascribed  to  the 
source  which  supplied  the  electrical  energy.  The  Grove  cell 
then  used  was  not  well  adapted  for  service  on  a  fire  alann  teW 
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graph,  where  uniformity  of  current  strength  is  such  an  essential 
requirement.  The  Daniel  cell,  by  which  it  was  succeeded,  was 
much  more  satisfactory,  and  was  generally  employed  up  to  the 
year  1871,  when  the  Callaud  or  gravity  cell  was  introduced. 
The  superior  merits  of  this  cell  were  soon  recognized,  and  in  a 
very  short  time  every  fire  alarm  telegraph  was  equipped  with  it. 
For  over  twenty  years  it  was  the  only  cell  used  for  this  service. 
Within  the  last  two  or  three  years,  however,  it  has  been  super- 
ceded in  a  number  of  places  by  the  storage  battery,  with  very 
satisfactorv  results. 

In  one  instance  the  gravity  cell  has  been  replaced  by  the 
dynamo.  Superintendent  Brown  Flanders,  of  the  Boston  Fire 
Alarm  Telegraph,  about  five  years  ago,  applied  the  dynamo  cur- 
rent to  a  single  circuit.  Its  applictatiou  was  gradually  extended, 
and  at  the  present  time  the  entire  plant  is  operated  by  dynamos. 

The  automatic  repeater  invented  by  Edwin  Rogers  was  gradu- 
ally improved  by  him,  as  well  as  by  the  labors  of  J.  N.  Gamewell 
and  Moses  G.  Crane,  until  it  has  become  an  apparatus  of  almost 
absolute  reliability.  While  a  signal  from  any  one  circuit  attached 
to  this  repeater  is  being  transmitted,  all  the  other  circuits  are 
mechanically  locked  out,  and  thus  confusion  is  prevented  should 
a  box  on  any  other  circuit  be  pulled  at  about  the  sjime  time.  It 
is  also  provided  with  a  device  whereby  the  armature  of  the 
operating  electro-magnet  is  mechanically  restored  after  each 
break  of  the  circuit,  and  little  more,  therefore,  is  required  of 
electricity  than  that  it  should  hold  the  armature  in  position ; 
consequently  it  will  perform  its  functions  successfully  under 
greatly  varying  conditions  of  current  strength,  a  very  importiint 
consideration  in  an  automatic  system,  where  constant  attention 
cannot  be  given  to  the  care  of  the  battery  or  the  adjustment  of 
the  apparatus. 

The  electro-mechanical  gongs  have  also  been  greatly  improved, 
and  nearly  all  are  provided  with  armature-restoring  devices,  and 
for  the  use  of  fire  departments,  where  the  men  are  not  perma- 
nently in  their  houses,  they  are  provided  with  indicators  which 
expose  the  number  of  the  signal  in  large  figures. 

The  general  plan  of  a  modern  central  ofiice  fire  alarm  system 
still  resembles  that  outlined  by  Dr.  Channing,  fifty-two  years 
ago ;  but,  in  the  instruments  and  apparatus  used,  most  wonderful 
improvements  have  been  made. 

In  the   modem  central  office,  the  Morse    register  has  been 
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replaced  by  the  multiple  pen  register,  which  has  the  merit  of 
greater  compactness,  and  may  accommodate  both  the  signal  and 
alarm  circuits,  with  this  advantage,  that,  as  the  records  are 
printed  in  parallel  lines  on  the  same  paper,  their  relative  posi- 
tions will  indicate,  to  a  second,  the  time  elapsed  between  the 
reception  of  the  signal  from  the  box  and  its  transmission  to  the 
engine-houses ;  it  thus  also  incidentally  serves  as  a  record  of  the 
degree  of  promptness  with  which  the  operator  has  attended  to 
his  duties. 

The  old  keyboard,  at  an  early  ])eriod,  gave  way  to  a  dial  trans- 
mitter still  in  use  in  several  cities.  In  this  apparatus  there  is  a 
separate  dial  and  index  for  every  digit  in  the  number  to  be 
transmitted.  On  receiving  a  signal  from  a  box,  the  operator 
moves  the  indexes  to  the  respective  figures  and  starts  the  clock- 
work into  action. 

Another  method,  and  one  still  in  use  in  New  York  city,  is  to 
have  a  duplicate  break-wheel  for  every  signal-box  number  in  the 
system.  The  operator,  on  receiving  a  signal  of  fire,  selects  the 
corresponding  wheel  and  inserts  it  on  the  wheel  shaft  of  the 
tmnsmitter. 

In  one  of  the  most  improved  modern  transmitters  the  dials  are 
all  placed  on  the  same  shaft,  the  first  dial  on  the  shaft  is  station- 
ary, and  has  engraved  upon  it  the  figures  from  one  to  nine,  in  as 
many  series  as  there  are  movable  dials,  the  other  dials  simply 
have  apertures  which  in  operation  are  turned  so  as  to  expose  the 
numbers  to  be  transmitted.  This  apparatus  is  manipulated  with 
great  rapidity,  and  as  only  the  numbers  to  which  the  apparatus  is 
set  are  exposed  to  view,  the  liability  to  error  on  the  part  of  the 
operator  is  reduced  to  a  minimum. 

The  testing  clock  of  the  original  Boston  central  oflice  has  been 
succeeded  by  an  automatic  testing  apparatus  of  excellent  design 
and  beautiful  workmanship,  which  indicates  and  makes  a  record 
of  the  condition  of  the  circuit*  at  stated  periods  of  time. 

The  best  practice  demands  that  there  should  be  two  separate 
cintuits  to  communicate  alarms  from  the  central  oflSce  to  the 
engine  houses  so  that  in  case  of  trouble  on  one  circuit,  the  alarm 
may  be  received  on  the  other.  • 

In  central  offices  equipped  with  new  apparatus  within  the  last 
few  years  every  safeguard  is  provided  to  prevent  mistakes  in  the 
transmission  of  alarms.  With  the  fii*st  blow  on  the  gong  from  a 
b.»x  signal,  a  cylindrical  indicator  revolves  and  exposes  the  num- 
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ber  of  the  circuit  from  which  tlie  signal  is  being  received,  atv 
well  as  the  number  of  every  box  on  that  circuit.  The  operator 
may  therefore  while  counting  the  signal,  set  the  transmitter,  and 
with  one  glance  at  the  printed  record  of  the  register,  and  another 
at  the  circuit  indicator,  verify  its  correctness  and  have  the  alarm 
in  process  of  transmission  within  five  seconds  after  the  comple- 
tion of  the  first  round  from  the  box. 
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Discussion. 

Th£  President: — This  paper  is  an  interesting  example  of 
one  of  the  important  functions  which  this  body  shoula  per- 
form, and  tliat  is  the  putting  on  record,  in  complete  and  per- 
manent form,  of  the  development  of  various  branches  of  our 
profession.  This  particular  subject  is  interesting  as  being 
one  of  the  early  successful  applications  of  electricity,  and  also 
one  with  which  Prof.  Farmer's  name  is  associated.  I  know  in 
my  own  work  that  it  is  often  a  matter  not  only  of  great  con- 
venience, but  almost  of  necessity  to  have  various  suDJects  on 
record  and  in  form  sufficiently  complete  to  be  worth  looking  up, 
and  particularly  to  have  them  in  our  own  Transactions.  There 
is  no  place  where  they  can  be  more  available  for  reference  than 
there.  I  think  that  the  paper  therefore  is  to  be  specially  com- 
mended as  putting  this  subject  on  record.  If  there  are  any  ques- 
tions or  discussion  upon  it  they  are  in  order. 

Dr.  Geo.  F.  Barker  : — I  do  not  remember  the  precise  date  at 
which  the  magneto  was  introduced  for  tire  alarm  purposes,  but  I 
recollect  very  distinctly  seeing  the  magneto  which  was  driven  by 
water  power,  and  which  was  used  in  the  fire  alarm  telegraph  in 
Boston.  The  fact  impressed  itself  very  distinctly  on  my  mind 
by  a  little  episode  I  witnessed  in  the  office  one  day.  One  of  the 
oi)erators  was  exhibiting  the  instrument  to  some  of  his  friends* 
There  were  ladies  in  the  party.  He  was  ruuning  the  machine 
very  slowly  and  amusing  the  ladies  by  inducing  them  to  take 
hold  of  the  electrodes,  and  get  a  pretty  decided  shock.  Mean> 
while  there  was  some  construction  going  on  above,  and  a  brick- 
layer was  carrpng  mortar  and  stuff  from  the  top  on  a  hod  down 
to  the  foot  of  the  stairs.  He  thought  he  would  like  to  try  it, 
and  after  the  experiments  were  shown  to  the  ladies,  the  operator 
])ut  the  whole  force  of  the  water  on  and  drove  the  magneto  up 
to  its  full  capacity.  In  the  meanwhile  the  hod  carrier  had  been 
up  with  his  hod  and  with  another  load  of  material  he  came  down, 
and  seeing  that  the  instrument  was  entirely  unoccupied  he  seized 
hold  of  the  electrodes  with  both  hands  with  very  great  vigor. 
The  consequence  was  that  the  bricklayer,  hod  and  all  went  on 
the  ground.  I  am  sure  that  that  man  if  he  were  present  could 
give  us  the  precise  date  at  which  the  magneto  was  introduced. 

Miss  Farmer: — May  I  tell  you  just  a  little  incident  I  have 
heard  my  father  relate  with  a  great  deal  of  pleasure.  At  the 
time  of  the  exhibition  of  the  car  he  had  some  other  experiments. 
Among  them  he  put  a  five  dollar  gold  piece  in  a  basin  of  water 
that  was  charged,  which  he  offered  to  any  man  who  would  take 
it  out.  A  big  brawny  fellow  came  there  and  took  it  out  quickly, 
and  father  found  that  one  of  the  wires  was  not  connected  up. 
The  man  had  the  five  dollar  gold  piece.  Father  asked  him  to 
put  it  back  again  and  told  him  he  would  put  another  one  with  it 
if  he  would.     The  man  refui^ed.     He  held  on  to  his  five  dollar 
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gold  piece.  There  was  some  excitement  and  one  after  another 
offered  to  put  more  to  it  until  I  think  they  got  up  somewhere 
in  the  vicinity  of  $40  which  they  offered  the  man.  He  said  no, 
that  it  cost  him  more  than  a  month's  work,  and  he  kept  his  live 
dollar  gold  piece. 

The  rRKSiDBNT : — If  there  are  no  further  remarks  on  this  sub- 
ject, we  will  pass  on  to  the  next  paper  on  the  programme  "Elec- 
ric  Traction,  Notes  on  the  Application  of  Electric  Motive  Power 
to  Railway  Service,  with  illustrations  from  the  Practice  of  the 
Metropolitan  Elevated  Road  of  Chicago,"  by  M.  II.  Gerry,  Jr., 
of  Chicago.  In  the  absence  of  the  author,  the  paper  will  be  read 
by  the  Secretary. 
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Notes   on   thk  Application   of  Electbio  Motive  Power  to 

Railway  Sebyiob,  with  Illustrations  fbom  the  Practice 

OF  the  Metropolitan   Elevated  Road  of  Chicago. 


BY    M.    H.    GEBBY,   jr. 


In  the  following  paper  will  be  found  a  brief  discussion  of 
some  of  the  more  important  problems  arising  in  connection  with 
the  application  of  electric  motive  power  to  the  heavier  classes 
of  railway  service.  A  number  of  tests  and  diagrams  from  the 
Metropolitan  Elevated  Railroad  of  Chicago,  are  introduced  by 
way  of  illustration. 

A  part  of  this  paper  relates  especially  to  the  application  of 
electric  power  to  passenger  rapid  transit  on  elevated  and  subur- 
ban roads.  The  conditions  for  this  service  differ  somewhat  from 
common  railway  practice.  Regular  stops  are  made  at  frequent 
intervals;  the  distance  between  stations  on  elevated  roads,  for 
example,  averaging  about  i^OOO  feet.  The  interval  between  trains 
is  small,  and  the  time  of  stops  very  short.  The  traffic  is  irregular, 
is  heavy  at  certain  hours,  and  is  apt  to  increase  and  decrease  at 
a  rapid  rate.  To  make  the  fast  running  time  desired,  the  speed 
must  increase  up  to  the  point  where  the  brakes  are  applied;  thus 
the  maximum  of  speed  is  high  compared  with  the  mean  speed. 
There  is  little  or  no  opportunity  for  maintaining  the  speed,  and 
the  running  time  depends  almost  entirely  upon  the  rate  of  ac- 
celerating and  retarding  of  the  train. 

With  a  given  number  of  stops  per  mile,  the  amount  of  ])0wer 
re(|uired  will  increase  "^^r-^  rapidly  with  the  speed  beyond  a  cer- 
tain point,  and  the  cost  per  car  mile  will  not  furnish  a  reliable 
basis  of  comparison  for  the  motive  power  of  different  roads  un- 
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less  the  conditions  are  the  same.  A.  slight  difference  in  the 
average  speed,  or  in  distance  between  stations  may  cause  a  con- 
siderable change  in  the  amount  of  power  required. 

There  are  in  operation  at  the  present  time  several  noteworthy 
examples  of  the  application  of  electric  motive  power  to  the 
heavier  classes  of  railway  service.  The  most  important  of  these 
installations  are  the  Lake  Street  and  the  Metropolitan  Elevated 
roads  of  Chicago,  the  Baltimore  Tunnel  Line  of  the  Baltimore 
and  Ohio,  and  the  Nantasket  and  Berlin  lines  of  the  New  York^ 
New  Haven  and  Hartford  Railroad.  From  the  experiencte  gained 
on  these  roads,  there  is  no  longer  a  question  in  regard  to  the 
ability  of  properly  designed  electric  motors  to  operate  trains 
of  the  heaWest  weights  in  service,  and  at  any  speed  ])ernii8sible 
under  practical  railroad  conditions.  In  the  future,  matters  of 
efficiency  and  general  utility  must  determine  the  desirability  of 
electric  power  for  any  particular  railway  service. 

Certain  operating  conditions  have  a  special  bearing  on  the 
efficiency  of  this  form  of  motive  power;  the  most  important 
being  the  frequency  of  the  train  service.  If  traffic  is  such  that 
a  large  number  of  trains  must  be  operated  on  a  division,  the 
electric  power  will  have  an  advantage  in  j)oint  of  economy, 
over  steam  locomotives;  and  if  the  trains  arc  few,  the  reverse 
will  be  the  case.  This  condition  holds  good  independently  of 
the  weight  of  the  trains  or  of  the  speed  attained.  The  length 
of  the  line  is  in  itself  no  bar  to  the  successful  operation  of  an 
electric  railway  system,  as,  by  using  alternating  current  ap- 
paratus, the  power  stations  may  be  located  favorably,  and  at  long 
distances  apart. 

The  distribution  of  the  current  to  the  trains,  while  it  presents 
many  practical  difficulties  in  detail,  is  not  so  serious  a  problem 
as  it  was  thought  to  be  at  one  time.  Of  the  three  systems  of 
over-head  conductor,  conduit,  and  third  rail,  the  last  has  given 
the  best  results,  and  is  advisable  wherever  the  conditions  are 
such  that  it  can  be  installed.  For  roads  operating  on  their  own 
right  of  way,  there  is  really  no  serious  objection  to  the  third 
rail,  and  all  of  the  difficulties  encountered  at  crossings,  switches 
and  in  yards  can  be  overccmie  bv  methods  alreadv  in  use  on  the 
roads  named  above,  or  by  other  devices  that  have  been  ])ro})osed. 
It  is  not  to  be  expected  that  all  details  of  such  a  system  are  in 
an  entirely  satisfactory  and  tinal  form,  but  they  are  pra(*tically 
operative  at  present  and  being  constantly  improved  as  difficulties 
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develop  in  service.  The  experience  already  gained  &1bo  justifies 
the  Btateineiit  tliat  s  reliable  overhead  or  condait  system  for 
heavy  aervice  can  be  constructed  if  the  conditions  favor  the  use 
of  such  methods. 

The  Mktkopolitan  Klevated  Railkoad. 
This  sjBtem,  now  in  its  second  year  of  operation,  in  the  largest 
road    in    existence    employing    exclusively  electric    power   for 
a  heavy  passenger  b< 


Fio.  1. 


The  structure  han  four  tracks,  from  ^farket  street  west  to 
MarKlifield  avenue,  at  which  point  three  double  track  lines  di- 
verge. The  northerly  branch  divides  again  near  Robey  street 
into  two  double  track  branchen.  From  Jfarket  street  to  each  of 
the  tennina's,  the  distance  is  almiit  six  miles.     (See  map,  Fig.  1). 

Current  is  conveyed  to  the  trains  by  the  third  rail  system;  the 
"trolley  mil"  l>eing  placed  20^  inches  oiiUide,  and  fij  incheK 
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above  the  running  rail.  It  is  of  the  common  ''T"  section, 
bonded  with  leaf  copper  bonds,  and  divided  into  sections  to  pro- 
vide for  expansion.  The  insulation  for  the  third-rail,  on  all  but 
a  small  section  of  the  road,  consists  of  hard- wood  blocks,  mounted 
on  small  iron  chairs  fastened  to  the  ties.  On  a  recent  extension 
an  improved  form  of  insulation  made  of  stone-ware  has  been 
tried  with  success.  The  electric  leakage  is  small  at  all  times. 
In  dry  weather  it  is  entirely  negligible  and  in  wet  weather  is 
never  more  than  a  few  amperes.  It  is  greatest  after  a  dry  season, 
when  the  first  shower  is  washing  the  accumulated  iron  dust  from 
the  insulating  blocks.  Steel  rails  are  used  for  feeders,  and  copper 
only  to  make  connections.  The  feeder  system  is  divided  into 
six  sections,  which  are  tied  together  at  junction  points  through 
■circuit  breakers  placed  in  the  interlocking  towers. 

The  rolling  stock  consists  of  motor  cars,  passenger  cars  and 
a  few  coal  and  flat  cars.  The  motor  cars  measure  47  feet  in 
length  and  weigh  about  62,000  pounds  when  loaded  to  their 
maximum  capacity.  They  are  mounted  on  rigid  bolster  locomo- 
tive type  trucks,  having  33-inch  steel  tired  wheels.  The  truck 
centers  are  33  feet  6  inches  apart  and  the  truck  wheel  base  5 
feet  6  inches.  One  truck  of  each  motor  car  is  equipped  with 
two  motors,  each  nominally  rated  at  2,000  pounds  drawbar  pull. 
The  motors  are  operated  by  series  parallel  controllers,  situated 
in  the  cabs  at  each  end  of  the  car.  Eheostats  of  the  packed  rib- 
bon type,  used  in  connection  with  the  controllers,  are  placed 
underneath  the  car.  A  circuit  breaker  placed  in  each  cab  is 
used  both  as  a  safety  device  and  as  a  main  switch  for  opening 
the  circuit  between  the  trolley  device  and  the  controller.  A 
main  fuse  box  is  also  provided,  and  placed  in  one  of  the  cabs  as 
an  additional  safely  device,  but  experience  has  shown  that  fail- 
ures of  the  circuit  breaker  to  act  are  so  rare,  that  the  former 
piece  of  apparatus  might  well  be  omitted.  Circuit  !)reaker8 
have  proven  very  satisfactory  for  this  service,  as  they  cost  little 
for  maintenance,  are  reliable  as  safety  devices,  and  by  their  (jiiick 
Hction  reduce  to  a  minimum  the  damage  to  apparatus  from 
grounding  and  short-circuiting. 

The  cars  are  warmed  by  electric  heaters  arranged  in  three 
circuits,  two  of  which  take  about  seven  amperes  each  and  the 
remaining  circuit  about  four  amperes.  All  of  the  heaters  are 
required  only  in  the  coldest  weather,  and  are  turned  on  and  off 
by  the  trainmen.     By  cutting  out  all  or  part  of  the  heaters  for 
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a  short  time  when  the  traffic  is  heaviest,  the  peak  of  the  load 
can  be  reduced  and  the  heaters  used  to  improve  the  load  factor. 

The  air-brakes  are  of  the  direct  or  "  straight "  air  type  with  an 
additional  re-enforce  cylinder.  The  air  is  compressed  to  6(V 
pounds  by  a  vortical  pnmp,  driven  by  a  motor  of  about  three 
horse  power.  The  pump  motors  have  automatic  control,  re- 
gulated by  the  air  pressure  and  also  hand  control  from  each  end 
of  car.  The  pump  with  its  motor  and  automatic  controller  is 
placed  in  one  of  the  cabs. 

The  passenger  cars  are  47  feet  in  length  and  of  the  standard 
pattern,  in  use  on  all  elevated  roads.  They  are  mounted  on 
swinging  bolster  trucks,  having  30-inch  wheels  and  when  loaded 
to  maximum  capacity  weigh  about  46,000  pounds.  Two,  three, 
and  four  car  trains  are  in  service  at  different  hours,  correspond- 
ing with  the  traffic.  About  1,200  trains  are  handled  daily  and 
under  very  close  headway  out  of  Franklin  street  terminal. 

The  power  house  is  supplied  with  water  tube  boilers,  mechani- 
cal chain  stokers,  coal  and  asli  handling  machinery,  forced  draft, 
automatic  oiling  system  and  all  modern  appliances. '  The  boilers 
are  14  in  number  and  work  at  165  pounds  pressure.  There  are 
four  vertical  cross-compound  engines,  direct  connected  to  the 
electric  generators.  The  condensing  water  is  taken  from  the 
Chicago  river  by  tunnel,  and  water  for  the  boilers  from  the  city 
mains.  There  are  four  electric  generators,  two  of  1,500  kilo- 
watt and  two  of  800  kilowatt  capacity.  The  switchboard  is 
placed  on  a  gallery  and  is  provided  with  the  usual  instruments, 
including  recording  wattmeters  for  each  generator.  There  are 
six  feeder  panels  corresponding  to  the  divisions  of  the  feeder 
svstem. 

Thk  Powkr  Absorbed  by  Trains. 

In  an  electric  railway  system,  the  mechanical  energy  sup- 
plied at  the  engine  shaft  may  be  divided,  for  purposes  of  dis- 
cussion, into  two  general  classes.  First,  that  finally  absorbed  or 
utilized  in  propelling  the  train,  and,  secondly,  the  energy  lost  in 
transformation  and  transmission,  including  losses  in  generators, 
line,  rheostats,  and  motors. 

The  first  division  or  class,  that  is,  the  energy  to  propel  a  rail- 
way train,  may  be  divided  again  into  three  parts:  First,  that 
required  to  overcome  inertia  and  accelerate  the  train  to  its 
maximum  speed  after  each  stop.  Secondly,  the  energy  required 
on  account  of  ascending  grades.     Thirdly,  that  required  t/^  ^^«t- 
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come  train  resistance;  including  friction,  air  resistance,  etc.  If 
the  stations  are  far  apart,  the  energy  required  to  accelerate  tlie 
train  may  be  neglected  without  serious  error,  but  for  a  service 
where  trains  make  frequent  stops,  and  the  maximum  speed  is 
high,  compared  with  the  mean  speed,  it  becomes  of  importance, 
and  may  easilv  be  the  greatest  of  all  losses.  The  amount  of 
energy  required  for  train  acceleration,  obviously  depends  upon 
the  number  of  stops,  the  train  weight  an<l  the  maximum  speed. 
Knowing  these  quantities,  it  can  be  readily  determined  from  the 

common  mechanical  formula  for  kinetic  energy.      U  =  •— — 
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The  horizontal  effort  or  drawbar  puil  require*!  to  produce  a 
certain  acceleration  in  a  given  time  may  be  ol)tained  from  the 

mechanical    formula.     /' = 

32.2  i. 

The  work  done  in  ascending  grades  is  the  product  of  the  train 
weight  and  the  vertical  distance  the  train  is  lifted.  The  hori- 
zontal effort  required  to  take  a  train  up  a  grade  is  equal  to  the 
product  of  the  train  weight  by  the  per  cent,  of  gnide. 

Train  resistance,  as  used  in  this  paper,  includes  all  retarding 
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forces  other  than  those  due  to  inertia  and  grades.  Formulas 
for  determining  this  quantity  are  empirical  and  are  based  upon 
experimental  results,  wliere  the  conditions  have  varied  widely. 
D.  K.  Clark,  in  "  Railway  Machinery,"  recommends  a  fonnula 
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which,   reduced    to   tons,   of  two    thousand    pounds,    becomes 
5  =  7.1  + 


xf 


192 


Another  formula  in  use  is  /i^  =   4  +  — , 

'    200 


where  R  =  resistance  in  pounds  per  ton  of  train  weight, 
^  =  speed  in  miles  per  hour.  These  two  formulas  have  been 
plotted  in  Fig.  2,  and  are  marked  respectively  a  and  b.  From 
measurements  taken  on  the  Metropolitan  Elevated,  the  curve 
€  has  been  determined  and  is  used  in  tlie  following  discussions. 
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In  Figs.  3  and  4,  are  shown  actual  speed  curves  on  a  time  and 
a  distance  base,  for  a  train  running  between  stations,  2,500  feet 
apart.  For  the  purposes  of  discussion,  consider  the  train  weight 
a^  100  tons  and  in  the  first  case  assume  it  to  be  on  an  aje«»wi- 
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ing  grade  of  i  of  1  per  cent.  From  the  ciirve8,  the  speed  at 
the  time  brakes  are  applied  is  24  miles  per  liour,  and  the  kinetic 
energy  at  that  speed,  for  the  train,  is  3,800,000  foot  pounds. 
The  time  consumed  up  to  the  point  where  brakes  are  applied  is 
77  seconds,  and  the  energy  to  overcome  the  0.5  per  cent,  grade 
while  the  train  is  passing  over  the  first  1,900  feet,  is  equal 
to  1,900,000  foot  pounds.  The  energy  to  overcome  train  re 
sistance  for  the  same  distance,  is  equal  to  1,045,000  foot  pounds. 
Summed  up,  the  energy  would  be  as  follows : 

For  accelerating  the  train  8,800,000  foot  pounds. 

For  the  grade 1,900,000    " 

For  train  resistance 1,045,000    •* 


Total  ener«:y  required 6,745,000    *'         '* 

This  represents  the  total  energy  that  must  be  supplied  to  the 
train  from  the  time  of  starting,  up  to  the  moment  the  brakes  are 
applied.  From  this  point,  the  acceleration  is  negative,  and  the 
kinetic  energy  of  the  train  is  absorbed  by  train  resistance,  the  grade 
and  the  brakes.  The  amount  taken  up  by  the  brakes  is  2,900,000 
foot  pounds. 

The  above  ease  is  for  the  tmin  on  a  0.5  per  cent,  ascending 
grade.     For  the  train  on  a  level  the  figures  would  be  as  follows: 

For  acceleruling  train 8,800,000  foot  pounds. 

For  train  resistance 1 .045,000 


« t         It 


(«         ( ( 


Total  energy  required 4,H45,000 

The  amount  absorbed  by  the  brakes  in  this  case  will  be  3,500,o0() 
foot  pounds. 

For  the  same  train  and  speed  conditions  for  a  0.5  per  cent, 
descending  grade,  the  figures  are. 

For  accelerating  the  train  8.800,000  foot  pounds. 

For  train  resistance 1,045,000     '* 


1 1 
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Total  energy  required 4,845,000    *• 

Supplied  by  descending  grade 1,900,000     *' 

Total  external  energy  required 2,945,000 

The  total  energy  absorbed  by  the  brakes  in  stopping  the  train 
in  this  case  is  equal  to  4,100,000  pounds. 

The  foot  pounds  per  ton  mile  in  each  of  the  cases  cited  are  tis 
follows : 

On  an  ascending  grade 1 42.000  foot  ))ound.^. 

On  a  level 102,000    *' 

On  descending  grade 62,000     '        ** 
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The  average  speed  taken  from  the  curves  in  the  cases  cited  is 
16.5  miles  per  hour,  not  inchiding  stops.  Allowing  twelve  sec- 
onds for  a  stop,  it  is  fifteen  miles  per  hour. 

The  average  rate  of  using  energy  or  the  power,  allowing  time 
for  stops,  is  as  follows: 

On  a  .5  per  cent,  ascending  grade 106.5  h.  p. 

On  a  level 76.5 

On  a  .5  per  cent,  descending  grade 46.5 

The  power  may  also  be  divided  as  follows : 

For  accelerating  the  train 60  u.  p. 

For  ascending  grade 30    " 

For  train  resistance 16.5  *' 

These  figures  do  not,  of  course,  include  losses  in  applying  the 
power,  and  only  represent  the  energy  which  must  be  applied  at 
the  rails  to  produce  the  results  in  the  special  cases  named  above. 
The  conditions  vary  widely  at  times  on  the  same  road,  but  the 
above  examples  may  serve  to  show  how  great  is  the  percentage 
of  power  required  to  accelerate  the  trains  when  the  stops  are 
frequent. 

In  a  speed  curve  with  a  time  base,  such  as  Fig.  3,  the  area  en- 
closed is  proportional  to  the  distance  travelled.  That  part  of  the 
area  enclosed  by  the  curve  from  u  to  o,  a  perpendicular  from  the 
point  c,  and  the  base  line,  depemls  on  the  form  of  the  braking 
curve  and  hence  on  the  efliciency  of  the  brakes.  The  area  en- 
closed by  the  curve  from  a  to  o,  the  perpendicular  and  the  base 
line,  depends  on  the  form  of  the  accelerating  curve.  The  distance 
between  stations  being  fixed,  the  area  enclosed  must  be  convStant 
and  independent  of  the  form  of  the  curves.  The  shape  of  the 
curve  may  be  altered,  however,  in  two  general  ways,  first,  by 
changing  its  form  so  as  to  still  enclos(»  the  same  area,  with  the 
same  length  of  base,  and  secondly,  by  altering  the  form  of  the 
curve  and  changing  the  length  of  the  base.  This  latter  change 
will  alter  the  time  between  stations,  while  either  of  the  changes 
may  or  may  not  affect  the  amount  of  power  used,  this  depending 
principally  on  the  maximum  speed  attained.  In  Fig.  5,  the  curves 
A  and  B  represent  equal  distances  passed  over  in  equal  times,  but 
the  energy  required  for  curve  a  is  materially  less  than  for  curve 
B.  The*  amount  of  power  required  in  any  case  will  depend 
largely  upon  the  form  of  the  speed  curve,  that  is,  upon  the  rates 
of  accelerating  and  retarding  of  the  train,  and  it  is  always  desir- 
able  to  keep  the  maximum  speed  as  low  as  possible.     Motora 
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efficient  at  liigh  speed  are  soiuetinies  wasteful  of  energy  l>ecau8e 
of  insufficient  torque,  at  starting  and  at  low  speeds,  to  produce  a 
good  form  of  acceleration  curve. 

The  train  weiglit  may  be  considered  as  made  up  of  two  parts, 
the  live,  or  paying  load,  and  the  dead  load,  which  includes  the 
weight  of  rolling  stock,  motors,  etc.  As  the  amount  of  power 
required  by  the  train  varies  almost  directly  as  the  weight,  it  is 
desirable  to  have  the  non-paying  or  dead  load  as  small  as  possible. 
In  order  that  there  may  be  sufficient  traction,  a  separate  locomo- 
tive must  weigh  between  four  and  five  times  the  maximum  draw- 
bar pull  required  by  the  train,  all  of  which  is  dead  load,  in  addi- 
tion to  that  of  the  cars.  It  has  been  stated  that  a  rapid  acceleration 
is  desirable  if  there  are  many  stops,  but  as  each  pound  of  increased 
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maximum  drawbar  pull  from  a  locomotive  must  add  four  or  five 
pounds  to  the  dead  weight  of  the  train,  a  point  is  soon  reached 
where  no  further  advantage  is  obtained  by  increasing  weight  on 
the  drivers  and  drawbar  pull.  The  weight  admissible  on  the 
locomotive  driving  wheels,  on  account  of  track  and  structure,  also 
limits  the  amount  of  traction,  hence  the  drawbar  i)ull  and  rate  of 
train  acceleration.  Thus,  for  a  service  combininijj  high  spee<l 
and  many  stops,  there  are  advantages  in  a  form  of  motor  which 
may  be  so  placed  as  to  utilize  a  part  of  the  car  weight  and  live 
load,  for  purposes  of  traction.  The  cars  should  weigh  as  little  as 
possible  so  as  to  reduce  the  total  dead  weight  of  the  train,  for  it 
is  well  known  that  the  ton-miles  of  paying  load  form  only  a  small 
percentage  of  the  total  ton-miles  moved.  On  elevated  roads  it  is 
probably  below  six  per  cent,  on  the  average  and  on  some  roads, 
below  one  per  cent. 
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It  is  hoped  tliat  tlieee  roniHrlcB  may  direct  atteutioii  to  the  qne^ 
tioti  of  economy  in  the  use  of  power  or  to  what  may  he  called  train 
efficiency,  in  eontradistinctioo  from  the  efficiency  of  the  apparatus 
nsed  in  the  generation  and  transmission  of  the  power  to  the  ear 
axles.    Thift  latter  subject  will  now  be  considered. 

ThK   MotOBB    and   CoNTROLI.lNft    APPARATUS. 

At  the  present  time,  direct  current  series  motors  with  series- 
parallel  controllers  are  in  all  l>nt  universal  use  for  electric  rail- 
ways. Shuut  motors  are  in  service  in  Europe  to  a  limited  extent, 
and  alternating  current  motors  have  been  given  a  trial.  The  latter 
havo  advantages  under  certain  conditions  for  lines  of  considerable 


HORIIONTiL  EFFORT- LBS. 

Fio.  6.— Speed  and  Horizontal  Effort  at  500  V»l(s. 

length  where  there  are  but  few  etojis.  Alternating  current  mo- 
tors ten<t  to  run  at  a  nearly  constant  speed,  approachiug  syn- 
chronism, and  do  not  regulate  with  the  same  facility  and  efficiency 
nn  direct  current  motors.  They  develop,  however,  a  good  starting 
torque  an<l  may  even  jiroduce  a  In'tter  form  of  torque-sjwed  curve 
than  the  common  series  motors.  The  double  conductor  required 
with  alternating  current  motors  is  an  objection,  but  there  are 
many  advantages  in  their  favor;  the  system  is  untried  and  its 
)iossibilitios  are  not  fullj'  known. 

The  characteristics  of  the  motors  in  use  on  the  Metropolitan 
Elevated  iiro  introduced  in  this  paper  rather  than  a  general  dis- 
cussion, and  it  is  hoped  that  this  will  be  acceptable.  By  modi- 
fying the  dosign  the  relations  existing  between  the  tori\uft,  %yii«.\^ 
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current  and  voltage,  may  be  varied  within  wide  limite,  bot  the 
general  relations  are  always  the  same  and  are  well  illustrated  by 
the  diagrams  below.  All  modern  railway  motors  are  much  alike, 
the  designers  having  been  forced  by  the  conditions  imposed  upon 
them,  into  practically  one  general  type  of  machine.  The  re- 
qnirements  are  a  large  output,  ability  to  withstand  heavy  over- 
loads, freedom  from  sparking,  a  low  rotative  speed,  light  weiglit 
and  limited  space.  The  result  is  the  caststeel  multipolar  motor, 
operating  with  nearly  saturated  fields  and  high  ina^etic  den- 
sities in  the  armature. 

In  electric  motors,  the  relations  between  speed,  horizontal 
effort  (or  torque),  current,  voltage,  and  efficiency  are  all  fixed, 
and  may  be  readily  determined  for  any  particular  motor.     For 


most  practical  purposes  it  is  best  to  represent  these  relations 
graphically.  At  a,  in  Fig,  ti,  the  relation  between  current  flow- 
ing and  the  static  horizontal  effort  produced,  is  shown  for  the 
standard  motore  in  iiseontheMetnipolitan  Eleviited  Uoad.  Curve 
B,  in  the  same  figure,  represents  the  horizontal  effurt  produced 
when  the  motor  is  running  with  500  volts  at  the  terminals  and 
at  the  speeds  shown  by  c.  The  horizontal  distance  between  a 
and  B,  represents  the  loss  in  horizontal  effort  due  to  friction  and 
core  losses.  Curve  d,  in  the  same  figure,  gives  the  speeds  which 
the  motor  would  attain  under  the  conditione  named  if  there 
were  no  internal  resistance,  and  the  horizontal  distance  between 
the  latter  curve  and  c,  represents  the  loss  in  speed  due  to  such 
reeiatanee.     Thus  the  losses  in  a  series  motor  may  be  divided 
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into  two  claflses,  those  that  lessen  the  torque  and  those  that  re- 
duce the  speed.  In  Figs.  7  and  8,  the  relations  between  current, 
speed,  and  horizontal  effort  are  plotted  for  the  same  motor  at 
250  and  125  volts.  The  static  horizontal  effort  is  the  same  in 
all  cases,  but  the  running  horizontal  effort  is  slightly  greater 
for  the  same  current  at  the  lower  voltages,  because  the  losses 
which  affect  it  are  less  at  the  lower  speed.  At  the  same  time 
the  percentage  of  loss  due  to  internal  resistance  becomes  greater, 
as  it  depends  upon  the  current  flowing,  while  the  total  input 
of  energy  varies  with  the  electrical  pressure  as  well ;  hence,  the 
reduced  efficiency  at  the  lower  voltages.  Curves  of  efficiency, 
in  relation  to  the  current,  are  plotted  in  Fig.  9,  for  the  same 
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Fio.  9. 

voltages.  In  Fig.  10,  the  efficiency  is  plotted  to  the  speed,  and 
it  will  be  seen  that  the  curves  fall  off  rapidly  above  or  below  a 
certain  narrow  range  of  speed  over  which  the  efficiency  is  high, 
at  any  one  voltage.  There  is  a  considerable  range  of  current 
and  horizontal  effort,  over  which  the  efficiency  is  high,  as  can  be 
seen  from  Fig.  9,  but  it  corresponds  to  only  a  small  speed  varia- 
tion. The  relations  of  speed  to  horizontal  effort  are  given  in 
Fig.  11.  The  maximum  working  range  of  the  motor  is  from 
350  to  4r,000  pounds  horizontal  effort,  and  the  total  speed  varia- 
tion on  this  range  at  500  volts  will  be  about  14  miles,  and  at 
250  volts,  about  10  miles.  The  range  of  speed  obtained  in 
service  at  any  one  voltage  is  practically  about  one-half  this 
amount,  and  if  250  and  500  volts  be  considered  as  the  pressuroa 
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at  the  motor,  in  series  and  parallel  combination,  then  the  total 
range  of  speed,  without  further  alteration  of  the  voltage  by  re- 
sistance in  circuit,  will  be  al)out  12  miles  over  a  total  speed 
range  of  34  miles.  For  each  combination  of  motors  in  serie& 
parallel,  there  is  a  certain  range  of  speed  over  which  the  effici- 
ency is  equal  to  that  of  the  motors ;  but  at  all  other  speeds,  re- 
sistance must  be  introduced  in  circuit  and  the  efficiency  is  re- 
duced. 

The  weight  of  the  armature  and  other  revolving  parts  is  a 
feature  of  importance  in  motors  designed  for  a  high-speed  ser- 
vice, requiring  frequent  stops.  These  parts  should  be  as  light, 
and  the  rotative  speed  as  low  as  possible.     The  armatures  of  the 
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Metropolitan  motors  weigh  approximately  1,40U  pounds  and  are 

18i  inches  in  diameter.  At  800  revolutions  per  minute,  cor- 
responding to  25  miles  per  hour,  the  kinetic  energy  in  each  ar- 
mature is  equal  to  43,000  foot  pounds.  Thus,  for  a  two  motor 
equipment,  86,000  foot  pounds  of  energy  are  dissipated  each 
time  the  car  is  stopped  from  a  speed  of  25  miles  per  hour.  This 
amount  of  energy  will  vary  with  the  square  of  the  maxinvum 
speed  and  if  stops  are  frequent,  it  becomes  an  appreciable  loss. 

The  average  load  a  motor  is  capable  of  sustaining  is  fixed  by 
the  permissible  increase  in  temperature.  The  amount  of  such 
increase  will  depend  on  the  average  load,  the  efficiency  of  the 
friotor  and  the  extent  and  character  of  the  heat  radiating  surf»u*es- 
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The  actual  load  on  a  railway  motor  differs  at  times,  very  widely, 
from  the  average  load,  and  ability  to  withstand  these  fluctuations, 
will  depend  in  part  on  the  heat  storage  capacity  of  the  motor. 
The  metal  acts,  to  a  considerable  extent  as  a  reserve  of  heat,  re- 
ceiving it  when  the  motor  is  doing  its  heaviest  work  and  giving 
it  up  at  lighter  loads.  A  glance  at  the  load  diagrams  in  the  latter 
part  of  this  paper  will  serve  to  show  how  great  these  fluctuations 
may  be  under  certain  conditions.     The  amount  of  heat  radiated 
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in  a  given  lime  varies  greatly  with  the  speed  of  the  car  and  the 
temperatures.  With  the  air  at  60^  F.,  and  under  average  work- 
ing conditions,  a  Metropolitan  motor  will  radiate  heat  at  the  rate 
of  about  650  British  heat  units  per  minute.  This  is  equal  to 
1 5  horse-power,  corresponding  about  to  60  horse-power  of  load- 
ing. But  these  motors  will  readily  withstand  for  a  considerable 
period  of  time  a  loading  of  three  times  this  amount.  Most  of 
the  heat  produced  by  this  additional  loading  must  be  stored  in 
the  metal  of  the  armature  and  frame.     A  considerable  part  of  the 
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heat  is  generated  in  the  armature,  but  its  thermal  capacity  being 
nearly  150  heat  units  per  degree,  a  large  amount  of  heat  energy 
can  be  ptored  before  the  temperature  reaches  the  danger  points 
Slow  speed  armatures  in  general  have  more  metal  in  them,  and 
are  thus  l)etter  able  to  stand  a  variable  load. 

The  speed  of  a  series  railway  motor  at  any  given  impressed 
K.  M.  F.  is  fixed  by  the  total  resistance  of  the  train.  The  hori- 
zontal effort  developed  must  just  equal  the  resistance,  or  the 
velocity  will  change ;  therefore,  if  it  be  desired  to  maintain  a 
constant  speed,  or  to  varj'  the  velocity  in  any  manner  not  cor- 
responding to  the  fixed  relations  of  speed  and  torque  for  the 
particular  motor  and  voltage,  it  will  be  necessary  to  alter  the  im- 
pressed E.  M.  F.,  or  to  commutate  the  fields.  To  obtain  this  vari- 
able E.  M.  F.  at  the  motor  terminals  from  the  constant  e.  m.  f.  of 
the  line,  many  arrangements  have  been  proposed,  but  only  two 
are  in  use  to  any  extent.  They  are  by  rheostat  in  the  main  cir- 
cuit, and  by  grouping  two  or  more  motors  in  series  and  parallel 
combinations.  Practically  the  two  methods  are  combined,  and 
are  now  in  nearly  general  use.  The  rheostatic  method  wastes  the 
energy  represented  by  the  reduction  in  voltage,  and  the  series- 
parallel  arrangement  provides  two  or  more  voltages  at  the  motors 
without  preliminary  loss.  The  controllers  in  use  on  the  Metro- 
}>olitan  are  two  combination  series-parallel  and  have  three  steps 
on  the  rheostat  for  each  voltage.  The  losses  in  this  apparatus 
vary  from  10  to  20  per  cent.,  depending  upon  the  skill  with 
which  it  is  handled.  With  care  this  can  be  kept  down  to  10  per 
cent.,  making  no  allowance  for  the  reduced  efliciency  of  the 
motors  at  the  lower  voltagjes.  The  series-parallel  system  has  de- 
cided advantages  over  all  other  methods  thus  far  tried  in  practice, 
but  it  lacks  flexibility  and  ultimately  may  not  prove  to  be  the 
best  for  heavy  railway  work  and  especially  for  high  speed  service. 

The  selection  of  the  proper  motors  and  controlling  apparatus 
for  a  given  service,  deserves  more  attention  than  it  has  generally 
received.  The  horsepower  and  maximum  speed  have  too  often 
been  the  determining  quantities.  A  rating  based  on  horse-power 
is  now  understood  to  be  of  little  value,  and  the  maximum  speed 
of  which  a  motor  is  capable  may  be  of  still  less  account  as  repre- 
senting its  performance  with  a  train.  Quite  generally,  motors 
have  been  speeded  too  high,  the  result  being  insufficient  starting 
torque,  a  ]>oor  commercial  efficiency  and  less  average  speed  than 
a  better  selected  motor  would  have  developed. 
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The  Generators  and  Feeders. 

Anything  like  a  complete  discussion  of  modern  railway  gener- 
rators  or  of  the  problems  connected  with  railway  feeders,  might 
well  be  the  subject  of  a  separate  paper.  It  is  designed  here  simply 
to  touch  upon  a  few  points  relating  to  the  general  system. 

Railway  generators  at  the  present  time  are  nearly  all  of  a  direct 
current  type, but  there  is  reason  to  believe  that  in  the  future,  two 
and  three-phase  alternating  current  machines  will  be  installed. 
The  development  of  the  rotary  transformer  will  be  largely  re- 
sponsible for  this  change  in  practice.  Power  stations  can  be  more 
favorably  located  in  respect  to  fuel  and  water  supply,  and  through 
8ub-stations  furnish  power  to  larger  areas.  With  this  change  will 
come  also  greater  economy  in  the  production  of  power,  which 
cannot  but  have  a  favorable  effect  on  the  development  of  the 
electric  railway. 

The  commercial  efficiency  of  railway  generators  varies  from  90 
to  95  per  cent.  Under  favorable  conditions,  the  average  or  "  all 
day  "  loss  for  large  direct  connected  machinery  (units  of  over  600 
K.  w.)  is  about  seven  per  cent.  Direct  connected  alternating  cur- 
rent generators  give  about  the  same  efficiency  as  direct  current 
generators.  Commercially,  the  best  results  are  obtained  with  a 
few  units  of  large  size.  It  is  unnecessary  and  poor  practice  to 
install  many  small  units  for  railway  work. 

The  load  line  of  an  electric  railway  is  subject  to  two  kinds  of  fluc- 
tuations; first,  those  sudden  changes  caused  by  the  starting  together 
of  a  number  of  trains,  and  secondly,  the  more  gradual  change  due 
to  the  variation  of  traffic  at  different  hours  of  the  day.  On 
roads  operating  but  few  cars,  the  fluctuations  due  to  the  first 
nause  are  of  considerable  amount,  but  on  large  systems  with 
many  cars  the  changes  in  loading  from  starting  up  of  trains 
are  very  slight — hardly  noticeable,  in  fact — and  this  is  especially 
the  case  if  the  feeders  are  tied  together  and  form  a  network. 
There  still  exists,  however,  the  change  in  the  load  line  cor- 
responding with  the  traffic.  A  railway  load  line  differs  from 
that  of  a  lighting  station  in  having  two  nearly  equal  "peaks" 
or  points  of  maxima,  one  in  the  morning  and  one  in  the 
evening.  These  variations  are  best  taken  care  of  by  cutting  in 
and  out  units,  while  the  momentary  clianges  can  usually  be  cared 
for  by  a  slight  overloading  of  the  machinery.  Engines  and  gene- 
ators  for  railway  purposes  have  a  good  efficiency  over  quite  a 
wide  range  and  generally  stand  overloads  very  well.  In  Fig.  12 
are  shown  seven  load  curves  from  the  power  atatvow  ol  >2>aA>LsKo 
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rupolitau  Elevated.  Tlie  curves  correspond  to  th«  days  of  tlie^ 
week  and  indicate  the  average  power  taken,  but  do  not  show  mo- 
mentary AiictuatioQD,  caused  hy  the  movement  of  traiiiH.  The 
cliief  characteristicd  of  tliese  curves  iire  the  two  decided  "peaks" 
ocurriug  daily  with  great  regularity.  The  peaks  vary  en  to  amount 
and  time,  with  the  season  of  tlte  yuan,  and  to  i>onie  extent  with 
the  weatiier,  but  are  ahvaya  present  in  a  marked  degree.  Street 
railway  systems  with  many  lines  extending  to  different  pwrts  of  a 
city,  usually  sliuw  a  station  load  with  less  decided  and  broader 
peaks.     1'bis  is  due  in  part  to  the  habits  and  occupations  of  the 
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patrons  of  the  various  lines  which  determine  the  houif  of  maxi- 
mum traffic.  When  combined,  the  load  curves  fro?n  a  number 
of  such  lines  will  give  a  more  favorable  station  ]oa<l  than  any  one 
line  or  group  of  lines  in  the  same  section  of  a  city. 

The  load  curves  of  the  Metropolitan  have  proven  to  be  a  very 
sensitive  index  of  the  traftie.  A  delay  on  the  competing  cable 
lines  or  increase  of  travel  from  any  cause  Ik  at  once  noticable  in 
the  power  houst^  The  greater  station  loading  is  due  Tiot  so  muclt 
to  the  increased  weight  in  passengers  carried,  as  to  the  longer 
etops  necessary  to  discharge  and  to  take  on  passengers;  thns  re- 
qairing  a  higher  ^peed  to  keep  the  trains  on  time. 
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The  feeder  system  has  an  effect  upon  the  form  of  load  curves  as 
well  as  upon  the  total  amount  of  energy  required.  The  highest 
percentage  of  loss  will  occur  at  the  moment  of  greatest  loading,  but 
this  rarely  takes  place  at  the  same  time  on  different  sections,  and 
an  advantage  is  obtained  by  connecting  the  lines  together  to  fonn 
a  net  work  as  far  as  possible.  Feeders  are  usually  divided  into 
sections  as  a  matter  Qjf  safety  and  convenience.  The  best  economy 
of  copper  and  of  power,  and  the  most  favorable  load  lines  are  ob- 
tained  when  the  number  of  such  sections  are  as  few  as  consistent 
with  the  safety  and  flexibility  of  the  system.  When  feeder  sec- 
tions are  connected,  the  best  practice  calls  for  a  fuse  or  circuit 
breaker  in  this  circuit.  The  permissible  percentage  of  loss  be- 
tween the  |X)wer  house  and  the  trains,  is  partly  a  commercial 
question,  depending  on  the  cost  of  power,  and  interest  on  the 
feeder  investment.  Transformers,  rotary  converters,  boosters, 
batteries,  and  similar  apparatus  forming  a  part  of  the  feeder  sys- 
tem, should  l)e  considered  with  special  reference  to  cost,  operating 
expense,  all  day  efficiency  and  effect  on  the  load  factor  of  the 
generating  station. 

The  Efficiency  of  Transmission. 

The  energy  dissipated  between  the  engine  and  the  car  azlea 
may  be  divided  into  three  parts,  that  lost  in  the  electrical  genera- 
tors, the  losses  in  the  transmission  lines  (including  transformers,, 
rotaries,  etc.)  and  the  losses  in  the  car  controlling  apparatus  and 
motors. 

The  amount  of  loss  in  the  generators  will  depend  upon  their 
efficiency  and  average  loading.  Modern  railway  generators  have 
good  efficiency  above  half  load,  and  in  stations  designed  with 
reference  to  the  load  line,  there  is  but  little  difficulty  in  keeping- 
the  machinery  above  three-quarters  at  all  times.  In  the  table 
below  are  given  the  efficiencies  for  a  number  of  direct  connected 
machines  of  modern  design. 

TYPE   OF    MACHINE.  COMMERCIAL   EFVICIKNCY. 

Full  load,  fload.  i  load,  i  load. 

D.  C.  Generator.  70O  K.  w 94  98  92  — 

D.  C.  Generator,  760  K.  w 98.5  92.5  91  85 

D.  C.  Generator,  800  k.  w 96  95  92  — 

I).  C.  Generator,  1.500  K.  w 94.5  94  93  — 

A.  C.  Genorat<)r.  750  k.  w 94  98  91  — 

A.  e.  Generator,  OOOk.w 98.5  92  87  82 

A.  C.  Generator,  700  k.  w 94  92  90  88 

A.  C.  Generator,  650  K.  w 98.5  91.5  89.5  — 

Rotary  transformer,  650  k.  w 94  92  90  — 

Ilotary  transformer,  600  k.  w 95.5  92.5  1»0  84 
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With  machines  of  this  type  and  size,  the  all  day  efficiency 
ought  to  be  about  92  per  cent.  A  sub-station  provided  with 
rotaries  and  static  transformers  working  under  a  good  average 
loading,  should  have  an  efficiency  of  about  89  per  cent;  a  loss  of 
8  per  cent,  in  the  rotaries  and  3  per  cent,  in  the  transformers. 
The  sub-station  apparatus  is  at  its  highest  efficiency  at  the  time  of 
greatest  loading,  when  the  feeder  lines  are  at  the  lowest  efficiency 
and  thus  have  a  favorable  effect  on  the  load  line. 

The  losses  on  railway  feeders  vary  from  10  to  25  per  cent. 
Often  there  is  sufficient  copper  if  rightly  distributed  and  tied  to- 
gether to  reduce  this  at  least  one-half.  Such  a  change  would  also 
improve  tlie  load  factor  and  increase  the  efficiency  of  the  station . 
The  losses  in  the  motors  and  car  apparatus  have  already  been  re- 
ferred to  in  this  paper,  but  actual  data  and  tests  are  here  intro- 
duced in  evidence. 

From  a  large  number  of  tests  made  on  the  trains  of  the  Metro- 
politan Elevated  Koad,  the  following  have  been  selected  as  illua- 


No.  of  trip 

t 

No.  of  cars  in  train 

4 

Total  time  of  trip.. 

a8'a6' 

Total  time  of  stops. 

a-19 

Time  running 

26-07 

Average  speed  (in- 
cluding stops) 

13-3 

Average  speed  foot 
including  stops).. 

X44 

Average  current 
(ineluding  stops). 

X38.3 

Average  current 
(not     including 
stops) 

148.7 

Average    volts   (at 
the  tram) 

504 

Efficiency      from 
generators  to  car 
axles 

5« 

1.3a 

Kilowatt  hours  per 
car  mile  (at  the 
train) 

Kilowatt  hours  per 
car  mile  (at  the 
station) 

1-44 

a 

3 

4 

4 

ap'oa" 

28' 30 

a -05 

a-42 

a6-58 

25-58 

13.0 
14.0 


»53a 
498 

50-5 


13.3 
14.5 


142.6  138.6 


I 

I   151-8 

I 

) 

i  503 

I 

1     5a 


1.36  1.3a 


4 

3 

a8'37'' 

1-47 
26-50 

13.88 

M-7 
130.2 

'37-4 
512 

50 
1.69 


«  5a 


1.44 


5 

3 

a7'26' 
1-16 
26-10 


6 

s 


25' 30" 


0-54 
24-36 


i.8x 


M  4 

14.9 

«5i 

15.3 

ia9-5 

90.  z 

«35-6 

92-5 

516 

5»i 

51 

51.5 

1. 6a 

158 

1.68 

..67 

7 

8 

a 

4 

23'48' 

32'44' 

1-22 

1-4 1 

33-26 

3«-03 

15.9 

11.53 

16.8 

la.a 

106.6 

lOI.I 

IIS. 4 

106.4 

529 

509 

50 

475 

1.76 

I. II 

1.69 

l.ai 

trating  this  part  of  the  subject.  The  trips  are  numbered  from 
one  to  eight,  and  in  the  table  below  the  data  for  each  trip  are 
given,  together  with  the  general  results  obtained.     All  of  these 
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ruDB  were  made  on  a  drj  track,  in  moderate  weather  and  under 
average  working  conditions.  The  total  electrical  energy  at  the 
train  was  measared  by  Thomson  recording  wattmeters  and  the 
voltage  and  current  by  Weston  instruments.  The  velocity  record 
was  taken  from  a  Boyer  speed  recorder  and  the  stops  and  average 
speed  from  a  double  set  of  stop-watches.  The  pressure  at  the 
station  was  measured  by  a  recording  voltmeter. 

Trip  No.  1  was  made  from  Franklin  street  over  the  Logan 
Square  line  with  a  four-car  train,  heavily  loaded,  making  an 
average  running  time  of  13.27  miles  per  hour.  The  maximum 
grade  on  this  Une,  going  west,  is  0.75  per  cent,  ascending  for  about 
2,350  feet,  and  descending  for  about  1,950  feet.  Other  grades  do 
not  exceed  0.03  per  cent,  and  only  extend  short  distances.  Cur- 
rent and  speed  diagrams  on  a  time  basis  are  plotted  in  Fig.  13  for 
trip  No.  1.  The  current  is  the  total  amount  taken  by  the  train 
for  power,  and  an  inspection  of  the  diagram  will  readily  show  the 
point  of  passing  from  series  to  multiple.  The  amount  of  energy 
required  or  absorbed  by  the  train  is  as  follows : 

Total  energy  for  accelerating  the  train 30,940,000  ft.  lbs. 

Total  energy  for  train  resistance 14,110,000  ft.  lbs. 

Total  energy  for  grade 3,400,000  ft.  lbs. 

Total  energy  required  for  propelling  the  train 48,450,000  ft.  lbs. 

Per  cent,  of  energy  for  accelerating 63.9. 

Per  cent,  of  energy  for  train  resistance 29.1. 

Per  cent,  of  energy  for  grade 7.0. 

Time  of  trip,  including  stops 28  min.  26  sec 

Average  n.  p.  required  for  propelling  train 51.5. 

Average  amperes  of  current 138.25. 

Average  volts  at  train 504. 

Average  watts  at  train 69,678. 

Electrical  horse-power  transmitted  to  the  train 03.4. 

Average  volts  at  the  station   545. 

Average  watts  at  the  station 75,346. 

Electrical  horse-power  at  the  station 101. 

Efficiency  from  electrical  generatoi-s  to  car  axles  ...   51  ^. 

Assuming  the  commercial  efficiency  of  the  generators  as  93 
per  cent,  the  total  power  required  at  the  engine  shaft,  to  propel 
this  train,  is  108.5  horse  power. 

Trip  number  2  was  made  with  a  four-car  train,  under  similar 
conditions  to  trip  number  1.  A  current  curve  on  a  time  basis 
is  given  for  this  trip  in  Fig.  14.  In  all  of  the  current  curves,  it 
is  easy  to  distinguish  by  inspection  when  the  motors  are  in  series 
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and  when  in  D[iu1tiple.  The  steps  on  the  controller  are  also  dis- 
tinguishable by  the  greater  peaks  on  the  curves.  The  smaller 
peaks  and  other  irregularities  are  due,  principally,  to  changes  in 
voltage,  caused  by  other  trains  in  the  same  section,  taking  more 
or  less  current. 

Trip  No.  3  was  made  under  similar  conditions  to  trips  1  and 
!2,  and  the  data  and  results  are  given  in  the  table. 

Trip  No.  4  and  5  were  made  with  heavily  loaded  three-car 
trains  and  the  results  are  set  forth  in  the  table.  Both  the  speed 
and  commercial  efficiency  of  apparatus  are  higher  than  in  the 
case  of  the  four-car  trains.  A  diagram  of  current  on  a  time 
basis  for  trip  No.  4  is  given  in  Fig.  15,  and  a  speed  curve  on  a 
distance  basis  in  figure  18. 

Trips  No.  6  and  7  are  with  two-car  trains  and  show  a  higher 
speed  than  attained  in  the  case  of  the  three  and  four-car  trains. 
The  greater  amount  of  power  consumed  in  trip  7  is  due,  mainly, 
to  the  increased  speed  over  trip  6.  A  current  curve  for  the 
latter  trip  is  shown  in  Fig.  1(»,  and  a  speed  curve  in  Fig.  17. 

Trip  No.  8  was  made  with  four  loaded  cars  and  the  motors 
operating  only  in  series.  Both  the  speed  and  current  are  less  than 
for  similar  trips  with  the  ujotors  operating  in  series  and  multiple. 
The  percentage  of  power  saved  is  greater  than  that  of  the  reduc- 
tion in  speed,  but  this  is  due,  not  to  a  better  efiiciency  of  the  ap- 
paratus at  lower  speeds,  but  to  the  fact  that  the  amount  of  power 
required  to  propel  a  train  making  many  stops,  decreases  more 
rapidly  than  the  average  8j)eed.  The  current  diagram  for  the  trip 
is  given  in  Fig.  17. 

The  amount  of  power  lost  in  the  machinery  and  line,  as  indi- 
cated by  the  commercial  efficiency  of  the  apparatus  given  in  the 
table,  might  seem  at  first  thought  to  be  large,  but  considering 
the  transformation  and  the  distance  of  transmission,  it  is  cer- 
tainly not  excessive.  The  loss  in  this  respect  is  ofl^set  by  the 
smaller  cost  of  producing  energy  by  power-house  methods.  The 
train  weight  also  may  be  reduced  with  electric  power  to  a 
point  impossible  with  steam  locomotives,  and  the  rate  of  ac- 
celeration increased,  and  thus  a  saving  effected  in  power  used  at 
the  train.  While  this  does  not  improve  the  efiiciency  of  the 
transmission,  it  reduces  the  total  amount  of  power  required,  and 
as  a  feature  of  the  system,  it  should  be  given  due  credit. 

Electrical  energy  can  l)e  produced  in  the  vicinity  of  Chicago, 
with  cheap  coal,  under  the  conditions  of  a  railroad  load,  at  less 
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than  half-a-cent  per  kilowatt-hour,  and  in  the  form  of  mechani- 
cal energy  at  the  car  axles,  costing  about  one  cent  per  kilowatt- 
hour,  it  is  several  per  cent,  cheaper  than  it  can  be  generated  by 
steam  locomotives.  Add  to  this  the  actual  saving  in  energy 
from  a  more  rapid  acceleration  and  from  reduced  train  weight, 
and  the  total  direct  advantage  for  the  electrical  system  is  obtained 
as  far  as  economy  in  power  is  concerned. 

While  any  reduction  in  the  cost  of  power  (not  only  for  fuel, 
but  repairs,  labor,  water,  oil  and  waste,  etc.)  is  of  great  importance 
to  railroads,  the  many  other  advantages  of  electricity,  representing 
betterments  of  the  service  and  greater  earning  capacity  are  the 
chief  qualities  which  will  determine  its  adoption  in  any  case  in 
place  of  steam  locomotives.  As  a  motive  power  electricity  is 
simple,  eflScient  and  wonderfully  flexible,  and  it  is  hardly  wise 
to  predict  its  limitations. 
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Discussion. 

The  President  : — Gentlemen,  this  paper  is  a  most  timely  one 
and  given  to  us  in  truly  professional  form.  I  think  we  can  con- 
sider ourselves  as  owing  a  special  debt  of  gratitude  to  Mr.  Gerrj-. 
It  is  the  very  kind  of  paper  that  those  of  us  who  have  to  do  witli 
getting  papers  are  anxious  to  secure. 

Dr.  Perrine  : — I  have  recently  been  talking  with  Mr.  Sprague 
about  this  problem  of  electric  railroading,  and  on  account  of  some 
of  his  ideas  I  regret  exceedingly  that  he  is  not  here  to-night,  and 
I  would  like  to  speak  on  some  of  the  points  to  which  he  has 
called  my  attention.  In  the  iirst  place,  Mr.  Sprague  holds  that 
the  simple  question  of  cheapness  would  not  be  one  which  would 
entitle  a  heavy  road,  such  as  an  elevated  road,  to  substitute  elec- 
tricity as  its  motive  power.  He  makes  the  statement,  that  seems 
to  me  to  be  rather  extreme — nevertheless  we  understand  that  he 
generally  knows  what  he  is  talking  about — that  if  on  the  elevated 
railroads  of  New  York  a  system  of  power  were  applied  which 
would  lead  to  the  hauling  of  one  more  passenger,  per  car,  per 
station,  in  each  train,  the  added  revenue  so  acquired  would 
amount  to  more  than  saving  one-half  the  coal  bill  as  at  present 
used,  and  starting  from  this  premise,  what  is  demanded  from  the 
a|>plication  of  electricity  to  steam  railroading  is  not  so  much 
cheapness,  as  increased  facilities.  He  att^iohes  even  more  impor- 
tance to  the  rapid  acceleration  of  trains  than  is  attached  to  it  in 
this  paper,  where  it  shows  that  the  rapid  acceleration  reduces  the 
total  amount  of  energy  rec^uired  to  move  across  between  two 
stops  a  certain  distance  apart,  and  in  order  to  aceom])lis]i  this  Mr. 
Sprague  is  now  attempting  to  control  from  one  end  of  the  train 
a  series  of  motors  all  located  on  the  separate  cars;  so  that  not 
only  do  we  have  the  track  adhesion  of  our  locomotive  car,  but 
with  anv  loaded  trains  we  have  the  track  adhesion  wliicli  mav  be 
given  by  the  entire  weight  of  the  trainband  particularly  on  grades 
and  curves  this  facilitates  the  rapid  handling  of  trains.  It  seems 
to  me  that  too  much  importance  cannot  be  attaclied  to  this  ques- 
tion of  the  rapidity  of  acceleration,  for  rai)id  acceleration  means 
not  simply  the  reduction  in  the  amount  of  power  necessary  to 
move  a  train,  but  it  means  what  is  of  still  greater  importance, 
the  facility  of  getting  trains  out  of  the  way  and  periniiting  new 
trains  to  come  in.  In  other  words  it  means  the  handling  of  the 
whole  service  on  shorter  headway,  and  in  consequence  of  a  greater 
possible  number  of  trains,  the  handling  of  a  definite  amount  of 
traffic  with  a  less  concentrated  load  on  the  stru(!ture,  and  also  a 
more  satisfactory  service  which  will  induce  increased  travel. 
This  line  of  argument  seems  to  me  to  be  of  very  great  import- 
ance. As  I  said,  I  am  exceedingly  sorry  that  Mr.  Sprague  is  not 
here  to- night  to  give  us  his  ideas  in  his  enthusiastic  way,  but  this 
much  I  gathered,  and  coming  together  with  this  paper,  it  shows 
that  the  two  engineers  are  tliinking  a  great  deal  along  the  same 
lines  and  that  adds  to  the  interests  of  the  conclusions. 
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The  Pbesident: — I  might  add  to  what  Dr.  Perrine  has  said, 
that  Mr.  Spraeue  mentioned  to  me  another  advanta^  of  the 
BYBtem  which  ne  advocates,  and  that  is  that  you  coula  maintain 
tne  same  headway  all  through  the  day  by  simply  reducing  the 
length  of  trains  for  periods  of  light  load,  and  he  thought  that 
would  be  a  great  factor  in  retaining  the  trade ;  that  is  to  say, 
during  the  middle  of  the  day  the  trains  are  run  at  long  intervals; 
many  persons  get  into  the  habit  of  using  other  means  of  trans- 
portation, whereas  if  you  could  keep  up  the  same  headway  the 
public  would  become  accustomed  to  using  the  elevated  roads  at 
all  times.  I  believe  that  has  been  found  to  be  one  difficulty — 
the  long  intervals  in  the  middle  of  the  day  impress  people 
unfavorably  in  regard  to  the  elevated  roads,  and  he  brought  tnat 
out  as  one  of  the  strong  points  of  motor  cars,  which  enable  the 
trains  to  be  made  up  of  any  number  of  cars  and  easily  increased 
or  decreased.  That  system  certainly  seems  to  possess  many 
advantages. 

The  Secretary  : — The  question  of  headway  is  of  considerable 
importance  in  retaining  the  traffic,  as  many  of  us  know  from  per- 
sonal experience.  One  of  the  objections  always  raised  to  suburban 
traffic  is,  that  one  has  to  be  governed  by  a  time  table,  while  on 
the  Manhattan  Elevated  Kailway  one  gets  into  the  habit  of  start- 
ing when  he  is  ready  and  waiting  for  a  train.  The  difficulty  of 
infrequent  trains  also  occurs  at  night,  at  least  after  the  theatres 
close.  I  suppose  it  is  expected  that  everyone  should  be  at  home 
by  that  time.  One  goes  to  a  station  expecting  to  catch  a  train, 
and  will  have  to  wait  perhaps  fifteen  minutes.  That  is  rather 
objectionable  when  it  gets  to  be  twelve  or  one  o'clock  at  night 
and  the  passeujger  is  going  out  of  town  and  has  to  make  a  train 
connection,  furthermore  the  management  is  not  very  particular 
about  informing  people  as  to  the  exact  headway  under  which 
trains  are  run,  and  the  consequence  is  that  one  is  in  entire  ignor- 
ance as  to  when  a  train  may  be  along,  as  no  proper  announce- 
ments are  made  that  the  trains  are  to  be  changed  from  a  ten 
minute  headway  to  a  fifteen  minute  headway  or  whatever  it  may 
be.  And  that  leads  up  to  the  manner  in  which  they  endeavor  to 
accommodate  their  light  traffic  by  taking  off  trains,  and  of  course 
the  more  trains  they  take  off  the  lighter  the  traffic  becomes,  be- 
cause in  New  York  City  the  elevated  is  paralleled  by  the  cable 
road  which  at  night  is  practically  as  quick  and  the  cars  more  fre- 
quent. 

Prof.  Thobison  : — I  happen  to  know  of  this  suggestion  of  Mr. 
Sprague  and  there  is  no  question  whatever  but  that  tne  advantages 
pointed  out  exist.  There  is  just  one  remark  to  be  made  however 
m  that  connection,  that  complexity  is  introduced  by  having  the 
ears  all  equipped  with  motors,  and  the  difficulties  oi  making  con- 
nections from  car  to  car  are  greatly  increased  of  course  in  coup- 
ling ;  so  that  it  may  become  a  serious  question  as  to  whether  we 
are  not  paying  too  much  for  some  of  tnese  advantages ;  whetlxAx 
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in  other  words  we  ought  to  extend  the  complexity  so  far  as  haa 
been  proposed,  to  obtain  the  advantages  which  follow,  or  whether 
there  is  not  some  other  way  out  of  it.  Each  car,  as  I  understand 
it,  would  have  to  be  possessed  of  a  controller  system  of  its  own, 
and  that  controller  manipulated  by  some  automatic  mechanism 
from  the  head  of  the  train.  Of  course  this  means  a  good  deal  of 
change  of  mechanism,  some  of  which  may  get  out  of  order  and  a 
few  stoppages  might  be  of  more  serious  import  to  the  success  of 
the  roaa  than  the  disadvantages  of  having  a  simpler  mechanism 
which  did  not  fufil  so  many  conditions. 

Mr.  Dunn  : — 1  believe  Mr.  Sprague  expects  that  even  if  the 
mechanism  on  one  car  or  two  cars  does  get  out  of  order  that  the 
others  will  carry  it  right  along,  and  he  nopes  by  that  means  to 
reduce  very  largely  that  chance. 

Mr.  C.  p.  Steinmetz:— The  problem  of  elevated  railroad 
service  is  becoming  exceedingly  important  at  present.  This  is  a 
city  railroad  service  of  high  speed  with  very  frequent  stops,  at 
intervals  from  1500  to  3000  feet. 

Some  very  interesting  theoretical  investigations  of  this  problem 
have  been  made  bv  one  of  my  assistants,  Mr.  A.  II.  Armstrong, 
and  will  be  published  in  due  time,  and  since  I  had  occasion  to 
find  the  results  checked  by  practical  experience,  I  shall  give  a 
few  of  the  conclusions,  which  by  the  way  are  brought  out  quite 
prominently  by  this  paper  also. 

The  elevated  railroad  service  differs  from  all  other  railroading 
by  the  feature  that  the  motors  never  run  at  full  speed,  but  that 
the  whole  trip  practically  consists  in  acceleration  and  retardation. 
That  is,  the  distance  between  stops  is  usually  so  short  that  before 
the  train  heis  reached  the  full  speed  of  which  the  motors  are 
capable,  the  brakes  have  to  be  applied  for  the  stop  at  the  next 
station.  Thus  the  speed  curve  of  such  a  railroad  trip  is  as  shown 
in  the  solid  line  in  Fig.  20.  This  curve  represents  a  run  of  2000 
feet  in  70  sec.  or  an  average  speed  of  19.5  miles  per  hour.  As 
accelerating  efforts  are  used,  100  lbs.  per  ton;  as  iriction  10  lbs. 
per  ton,  and  150  lbs.  per  ton  train  weight  as  braking  effort. 

As  seen,  the  train  accelerates  for  31  sec,  reaching  a  maximum 
speed  of  30.5  miles  per  hour.  Then  the  power  is  turned  off  and 
the  train  runs  on  its  momentum,  that  is  coasting,  until  52^  sec. 
after  the  start  the  brakes  have  to  be  applied  and  the  train  brought 
to  a  standstill  for  the  next  stop.  By  changing  the  amount  of 
acceleration  and  retardation  the  speed  curve  can  be  varied  to  a 
considerable  extent.     Four  such  curves  are  shown  in  Fig.  21. 

As  seen,  the  lowest  acceleration  at  which  the  distance  can  be 
eovered  in  schedule  time  is  87  lbs.  per  ton.  With  this  value, 
acceleration  has  to  be  maintained  for  46.5  seconds  and  imme- 
diately after  the  brakes  have  to  be  applied,  that  is  the  range  of 
coasting  has  entirely  disappeared  and  the  maximum  speed  reached 
by  the  train  is  38.2  miles.  The  more  rapid  the  acceleration  is, 
the  shorter  time  is  needed  for  accelerating,  and  the  more  time 
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availftble  for  coasting,  and  at  the  same  time  the  maximain  speed 
readied  by  tlie  train  decreases  to  30.5  miles  per  honr  at  100  lbs. 
acceleration,  27.2  miles  per  honr  at  150  lbs.  acceleration,  and  24.8 
miles  per  hour  in  the  theoretical  case  of  infinite  acceleration,  that 
is  if  the  train  conld  be  bronght  up  to  maximum  speed  instantly. 
One  very  interesting  featare  regarding  the  total  amount  of 
energy  consumed  by  tne  train  dnring  the  trip  is  bronght  out  by 
these  curves.  With  the  change  of  the  rate  of  acceleration,  the 
maximnm  speed  of  the  train  cnanges  from  24.8  miles  per  hour  at 
infinitety  rapid  acceleration,  to  38.2  miles  per  hour  at  the  lowest 
permisBible  acceleration,  that  is  in  the  proportion  of  1  to  1.54,  and 
consequently  the  kinetic  energy  of  the  train  in  the  proportion  of 
about  1  to  2.4,  and  the  energy  put  into  the  train  for  acceleration 
in  a  still  somewhat  larger  proportion,  since  at  the  lower  accelera- 
tion, the  time  of  acceleration  and  thus  the  friction  loes  dnring  this 
time  is  greater. 
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Since  the  power  pat  into  the  train  up  to  the  point  of  inaximnm 
speed  represents  the  total  energy  required  to  cover  the  distance 
in  schedule  time,  it  follows  that  by  varying  the  rate  of  accelera- 
tion tlie  energy  consumed  by  the  train  can  be  varied  in  the  pro- 
portion of  1  to  more  than  2.4,  or  in  other  words  with  the  slowest 
possible  acceleration  more  than  2^  times  (allowing  for  friction 
dnrin>;  acceleration)  as  much  energy  is  required  as  would  be  nec- 
essary at  intinitely  rapid  acceleration,  or  in  other  words  the  more 
rapid  the  acceleration  of  the  train  the  less  energy  is  required  to 
cover  tlie  distance  in  schedule  time, — but  at  the  same  time  the 
larger  must  be  tlie  current  and  power  put  into  the  motors  during 
the  time  they  are  in  operation,  etc. 

A  lesser  maximum  speed  than  necessary  daring  a  run  consist- 
ing of  acceleration,  coasting  and  retardation,  can  be  reached  with 
a  given  rat«  of  acceleration  and  retardation  by  a  run  cona\ftt.\i^cA 
acceleration,  rnnning  at  constant  speed  a.i\d  T«A»,r&B.^o^. 
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The  efliciency  of  the  latter  run,  however,  is  considerably  lower 
than  in  the  former,  as  seen  by  comparing  the  two  speed  time 
curves  a,  6,  c,  rf,  and  a,  J*,  c*,  d  in  Fig.  22.  At  the  same  schedule 
tinje  the  areas  of  the  two  speed  carves  a,  6,  c,  rf,  and  a,  J*,  c*,  d 
are  equal.  With  the  speed  curve  a.  J,  <?,  ^,  consisting  of  acceler- 
ation, running  at  constant  speed  and  retardation,  the  total  power 
put  into  the  train  is  the  acceleration  up  to  speed  J,  c  plus  the 
power  consumed  by  friction  from  a  tof. 

With  the  speed  curve  a,  J\  c^  d^  consisting  of  acceleration,, 
coasting,  and  retardation,  the  tDtal  amount  of  power  put  into  the 
train  is  that  giving  the  train  momentum  at  speed  ¥  ^  plus  the 
power  consumed  by  friction  during  the  time  irom  a  to  e}^  that  is 
the  time  during  wliich  the  motor  is  in  circuit.  Thus  m  the  first 
case  the  power  input  is  less  by  acceleration  from  h  to  J^,  but  more 
by  the  friction  loss  from  ^  tof.  This  friction  loss,  however  pro- 
duces retardation  from  ¥  to  g  and  thus  is  equal  to  the  acceleration 
from  h  to  h^  (where  h  g  is  parallel  to  a  d).     Hence  in  the  case  of 


Fig.  22 

running  at  constant  speed,  the  power  input  exceeds  that  of  the 
case  of  coasting  with  the  power  shut  oil,  by  the  power  consumed 
in  the  acceleration  from  A  to  i. 

In  another  way  this  can  be  seen  thus:  The  total  power  input 
during  run  is  equal  to  that  consumed  in  the  brake  during  retar- 
dation, plus  that  consumed  by  friction.  The  power  consumed  by 
the  friction  is  the  same  in  any  case.  The  power,  consumed  by 
the  brakes,  however,  is  less  in  the  case  of  coasting  in  which  the 
brakes  are  applied  at  a  lower  speed,  than  in  the  case  of  running 
at  constant  speed,  and  consequently  the  economy  of  operation  is 
higher  in  the  first  case. 

Thus  it  is  theoretically  uneconomical  to  leave  the  motor  in  cir- 
cuit after  the  period  of  acceleration  is  passed,  and  run  at  constant 
speed.  In  practice  the  run  at  constant  speed  is  still  much  infer- 
ior, due  to  the  low  efliciency  of  a  motor  built  for  high  accelera- 
tion and  running  at  speed,  that  is  at  very  light  load,  and  it  is 
.  therefore  preferable  to  accelerate  and  then  coast  until  the  brakes 
have  to  be  applied. 

A  slight  gam  can  be  reached  by  dropping  the  acceleration  off 
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slightly  near  the  maximum  speed,  in  running  ^'  on  the  motor  curve  " 
as  shown  in  dotted  line  in  Fig.  20.  During  the  whole  part  of 
acceleration  at  constant  torque,  a  greater  or  lesser  part  of  the 
voltage  has  to  be  consumed  in  the  rheostat,  since  without  rheostat 
or  equivalent  means,  the  series  motor  cannot  maintain  constant 
torque  at  constant  voltage  but  varying  speed.  This  loss  in  the 
rheostat  can  be  redaced  partly  by  having  the  rheostat  cut  out  com- 
pletely somewhat  before  maximum  speed  is  reached,  and  acceler- 
ate during  the  last  part  of  acceleration  on  the  motor  without 
rheostat,  that  is  with  an  accelerating  effort  decreasing  with  the 
speed.  The  permissible  range  of  acceleration  on  the  motor  curve, 
tnat  is  without  rheostat,  is  very  short,  however,  since  the  torque 
drops  off  quite  rapidly  with  increasing  speed,  and  in  practical 
operation  sufficient  margin  must  be  left  in  the  motors  to  carry  a 
somewhat  larger  load,  as  at  times  of  unusually  heavy  traffic,  or  to 
"  make  up  time." 

Thus  tne  faster  the  acceleration  the  less  enerfiry  has  to  be  put 
into  the  train  to  reach  the  maximum  speed  needed  to  cover  the 
distance  in  schedule  time,  and  to  be  wasted  afterwards  in  retarda- 
tion, that  is  to  be  consumed  by  heating  the  brakes  and  grinding 
up  the  car  wheels.  Here  then  is  an  enormous  chance  for  improve- 
ment, since  by  far  the  largest  amount  of  power  in  elevated  service 
is  merely  used  to  set  a  heavy  mass  in  motion  and  afterwards  wasted 
by  destroying  the  motion  again.  A  very  ingenious  method  to 
use  a  part  of  this  energy,  although  not  applicable  to  most  elevated 
roads,  will  be  applied  in  the  Central  London  Subway  Kailroad, 
where  they  intend  to  run  heavy  trains  every  2^  or  2  minutes. 
Their  underground  stations  are  built  on  what  may  be  called  hills, 
that  is  the  road-bed  is  not  on  a  level  but  rises  to  the  station,  so 
that  when  a  train  leaves  the  station  it  runs  down  a  fairly  heavy 
grade  and  gravity  is  used  to  accelerate  the  train,  and  in  approach- 
ing the  next  station  the  up  grade  towards  the  station  is  used  to 
retard  the  train,  hereby  less  electrical  acceleration  and  lees  retard- 
ation by  brakes  is  needed,  and  motors  as  well  as  brakes  greatly 
relieved,  and  it  is  estimated  that  in  this  manner  about  \  of  the 
power  will  be  saved. 

lieferring  now  to  the  ability  of  exceedingly  fast  accelerations 
by  a  very  great  subdivision  of  motors.  Undoubtedly  a  consider- 
able advantage  is  gained  by  making  as  many  axles  driving  as  pos- 
sible. I  doubt,  however,  whether  it  is  necessarv  to  have  all  axles 
driving.  In  elevated  service  the  limit  of  permissible  acceleration 
is  probably  not  the  adhesion  of  all  the  axles  but  the  comfort  of 
the  passengers,  and  before  you  strike  the  limit  of  adhesion  of  even 
half  the  ax  lesor  less,  you  probably  reach  the  point  where  accelera- 
tion is  so  rapid  as  to  be  too  uncomfortable  to  be  permissible. 

Dk.  Perrine: — The  two  first  statements  of  Mr.  Steinmetz  are 
liable  to  confused  interpretation,  and  I  think  that  the  statements 
of  the  paper  are  also  liable  to  the  same  interpretation.  Taking 
the  secona  first,  as  being  the  simpler,  Mr.  Steinmetz  says  that 


180  OERRY  ON  ELECTRIC  TRACTION.  [July  27. 

The  efliciency  of  the  latter  run,  however,  is  considerably  lower 
than  in  the  former,  as  seen  by  comparing  the  two  speed  time 
«urves  a,  J,  c,  </,  and  a,  J\  c^,  d  in  Fig.  22.  At  the  same  schedule 
tin)e  the  areas  of  the  two  speed  curves  a,  t,  c,  rf,  and  a,  J*,  e\  d 
are  equal.  With  the  speed  curve  a,  J,  <?,  ^,  consisting  of  acceler- 
ation, running  at  constant  speed  and  retardation,  the  total  power 
put  into  the  train  is  the  acceleration  up  to  speed  J,  o  plus  the 
power  consumed  by  friction  from  a  to/'. 

With  the  speed  curve  a,  J\  6*^  rf,  consisting  of  acceleration,, 
coasting,  and  retardation,  the  total  amount  of  power  put  into  the 
train  is  that  giving  the  train  momentum  at  speed  ¥  e^  plus  the 
power  consumed  by  friction  during  the  time  from  a  to  e\  that  is 
the  time  during  which  the  motor  is  in  circuit.  Thus  in  the  first 
case  the  power  input  is  less  by  acceleration  from  h  to  J^,  but  more 
by  the  friction  loss  from  e^  tof.  This  friction  loss,  however  pro- 
duces retardation  from  J*  to  g  and  thus  is  equal  to  the  acceleration 
from  h  to  h^  (where  //  g  is  parallel  to  a  (T).     Hence  in  the  case  of 
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Fig.  22 

running  at  constant  speed,  the  power  input  exceeds  that  of  the 
case  of  coasting  with  the  power  shut  oil,  by  the  power  consumed 
in  the  acceleration  from  h  to  h. 

In  another  way  this  can  be  seen  thus:  The  total  power  input 
during  run  is  equal  to  that  consumed  in  the  brake  during  retar- 
dation, plus  that  consumed  by  friction.  The  power  consumed  by 
the  friction  is  the  same  in  any  case.  The  power  consumed  by 
the  brakes,  however,  is  less  in  the  case  of  coasting  in  which  the 
brakes  are  applied  at  a  lower  speed,  than  in  the  case  of  running 
at  constant  speed,  and  consequently  the  economy  of  operation  ig 
higher  in  the  first  case. 

Thus  it  is  theoretically  uneconomical  to  leave  the  motor  in  cir- 
cuit after  the  period  of  acceleration  is  passed,  and  run  at  constant 
speed.  In  practice  the  run  at  constant  speed  is  still  much  infer- 
ior, due  to  the  low  efliciency  of  a  motor  built  for  high  accelera- 
tion and  running  at  speed,  that  is  at  very  light  load,  and  it  is 
therefore  preferable  to  accelerate  and  then  coast  until  the  brakes 
have  to  be  applied. 

A  slight  gam  can  be  reached  by  dropping  the  acceleration  off 
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slightly  near  the  maximum  speed,  in  running  <<  on  the  motor  curve  " 
as  shown  in  dotted  line  in  Fig.  20.  Daring  the  whole  part  of 
acceleration  at  constant  torque,  a  greater  or  lesser  part  of  the 
voltage  has  to  be  consumed  in  the  rheostat,  since  without  rheostat 
or  equivalent  means,  the  series  motor  cannot  maintain  constant 
torque  at  constant  voltage  but  varying  speed.  This  loss  in  the 
rheostat  can  be  reduced  partly  by  having  the  rheostat  cut  out  com- 
pletely somewhat  before  maximum  speed  is  reached,  and  acceler- 
ate during  the  last  part  of  acceleration  on  the  motor  without 
rheostat,  that  is  with  an  accelerating  effort  decreasing  with  the 
speed.  The  permissible  range  of  acceleration  on  the  motor  curve^ 
tnat  is  without  rheostat,  is  very  short,  however,  since  the  torque 
drops  off  quite  rapidly  with  increasing  speed,  and  in  practical 
operation  sufficient  margin  must  be  left  in  the  motors  to  carry  a 
somewhat  larger  load,  as  at  times  of  unusually  heavy  traffic,  or  to 
"  make  up  time." 

Thus  tne  faster  the  acceleration  the  less  enerfiry  has  to  be  put 
into  the  train  to  reach  the  maximum  speed  needed  to  cover  the 
distance  in  schedule  time,  and  to  be  wasted  afterwards  in  retarda- 
tion, that  is  to  be  consumed  by  heating  the  brakes  and  grinding 
up  the  car  wheels.  Here  then  is  an  enormous  chance  for  improve- 
ment, since  by  far  the  largest  amount  of  power  in  elevated  service 
is  merely  used  to  set  a  heavy  mass  in  motion  and  afterwards  wasted 
by  destroying  the  motion  again.  A  very  ingenious  method  to 
use  a  part  of  this  energy,  although  not  applicable  to  most  elevated 
roads,  will  be  applied  in  the  Central  London  Subway  flailroad, 
where  they  intend  to  run  heavy  trains  every  2^  or  2  minutes. 
Their  underground  stations  are  built  on  what  may  be  called  hills, 
that  is  the  road-bed  is  not  on  a  level  but  rises  to  the  station,  so 
that  when  a  train  leaves  the  station  it  runs  down  a  fairly  heavy 
grade  and  gravity  is  used  to  accelerate  the  train,  and  in  approach- 
ing the  next  station  the  up  grade  towards  the  station  is  used  to 
retard  the  train,  hereby  less  electrical  acceleration  and  lees  retard- 
ation by  brakes  is  needed,  and  motors  as  well  as  brakes  greatly 
relieved,  and  it  is  estimated  that  in  this  manner  about  \  of  the 
power  will  be  saved. 

lieferring  now  to  the  ability  of  exceedingly  fast  accelerations 
by  a  very  great  subdivision  of  motors.  Undoubtedly  a  consider- 
able advantage  is  gained  by  making  as  many  axles  driving  as  pos- 
sible. I  doubt,  however,  whether  it  is  necessary  to  have  all  axles 
driving.  In  elevated  service  the  limit  of  permissible  acceleration 
is  probably  not  the  adhesion  of  all  the  axles  but  the  comfort  of 
the  passengers,  and  before  you  strike  the  limit  of  adhesion  of  even 
half  the  ax  lesor  less,  you  probably  reach  the  point  where  accelera- 
tion is  so  rapid  as  to  be  too  uncomfortable  to  be  permissible. 

Dk.  Perrine: — The  two  first  statements  of  Mr.  Steinmetz  are 
liable  to  confused  interpretation,  and  I  think  that  the  statements 
of  the  paper  are  also  liable  to  the  same  interpretation.  Taking 
the  secona  first,  as  being  the  simpler,  Mr.  Steinmetz  says  that 
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acceleration  as  now  practiced  in  electric  railroading  or  in  street 
railroading  in  general  is  as  rapid  as  comfort  will  allow.  I  think 
by  examining  Fig.  4  page  359  you  will  see  that  it  is  not  so,  be- 
cause one  can  stand  just  as  rapid  acceleration  as  retaixlation. 
Whereas  the  total  retardation  is  m  about  ^5  seconds,  the  total 
acceleration  is  in  something  over  60  seconds,  which  shows  that 
we  have  a  possibility,  still  within  comfort,  of  a  great  deal  more 
rapid  acceleration  than  at  present.  The  second  thing  he  said 
was  that  the  paper  showed  that  the  more  rapid  the  acceleration 
the  less  was  the  power.  This  apparently  contradicts  his  state- 
ment that  the  history  of  running  a  train  between  stations  was 
limply  acceleration  and  retardation.  Thus  this  statement  should 
be  qualified  to  avoid  misunderstanding.  His  meaning  obviously 
was  that  in  elevated  railway  service  the  motors  never  reach  the 
constant  speed  at  which  they  could  run  without  rheostat,  but 
that  before  this  time  the  acceleration  has  to  cease,  and  the  speed 
be  maintained  constant  by  a  rheostat,  or  the  motor  cut  off  and 
the  train  rnn  on  its  moniemtum,  that  is  retarded  by  the  train 
friction,  until  the  brakes  are  applied.  There  should  be  a  time 
between  acceleration  and  retardation  by  the  brakes,  as  shown  also 
in  the  curves  given  by  Mr.  Steinmetz,  and  the  value  of  the  rapid 
acceleration  consists  almost  entirely  in  the  fact  that  with  the  same 
time  between  stations  we  can  actually  bring  our  train  up  to  speed, 
and  remove  the  condition  that  the  whole  history  of  the  train  be- 
tween stations  is  acceleration  and  braking. 

Mr.  Steinmktz: — Referring  to  Figs.  3  and  4  of  the  paper, 
while  the  totiil  amount  of  time  used  for  acceleration  is  consider- 
ably greater  than  that  of  retardation,  you  see  that  the  first  part 
of  the  acceleration  curve  is  practically  as  steep  as  the  retardation 
curve,  thus  this  rapid  initial  rate  should  have  been  kept  up  dur- 
ing the  whole  acceleration  and  considerable  power  would  have 
been  saved. 

I  fully  agree  with  Dr.  Perrine  that  the  most  efficient  way  is  to 
accelerate  as  rapidly  as  permissible  until  you  have  reached  suffi- 
aient  speed  to  carry  you  to  the  next  station  in  schedule  time, 
then  coast  until  it  is  time  to  apply  brakes  in  ap|)roaching  the 
station.  It  was  this  very  condition  of  economv  which  I  tried  to 
explain  in  my  former  statement  as  superior  to  the  method  of 
leaving  the  motors  in  circuit  and  accelerating  until  the  brakes 
have  to  be  applied  for  the  next  station. 

Prof.  Thomson  : — The  desirable  thing  to  do  it  seems  to  me, 
would  be  first  to  get  energy  into  the  train  rapidly.  Your  prime 
object  is  to  get  an  average  speed  which  will  consume  a  certain 
time  between  stations.  If  therefore,  you  can  have  your  accelera- 
tion rapid  and  then  coast  the  whole  of  the  rest  of  the  distance,  of 
course,  that  means  the  best  possible  condition,  because  the  energy 
put  into  the  train  is  represented  sirnplv  by  the  consumption  up  to 
the  end  of  acceleration.  Now  if,  on  tlie  other  hand,  you  simply 
reverse  the  diagram,  getting  the  .•-amo  average  spee(|,  you  acceler- 
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ate  far  more  slowly :  you  consume  tlie  same  amount  of  ener^gr 
during  that  time :  you  store  it  up  in  the  train  and  you  now  waste 
it  all  at  the  same  rate  you  put  it  in  before,  by  braking.  Thus 
you  have  the  same  average  speed  maintained,  and  the  same  time 
consumed :  hut  in  one  case  a  very  rapid  acceleration  and  coast- 
ing to  the  other  station :  whereas,  in  the  other  case  the  accelera- 
tion is  very  slow  and  a  sudden  braking.  But  of  course  in  prac- 
tice that  may  not  fit  the  conditions.  It  may  require  too  nigh 
speed  to  be  maintained  or  too  high  an  acceleration,  more  than 
can  be  obtained,  so  that  the  next  liest  thing  we  can  do  is  to  get 
as  high  speed  as  is  permissible  at  first,  run  along  and  come  out 
at  the  end  so  that  we  have  to  use  as  little  brakmg  as  possible : 
possibly  putting  on  power  again  in  ease  the  speed  fails  to  be 
maintained  as  is  needed.  Of  course,  the  system  must  be  flexible, 
and  we  do  not  ever  hope  to  meet  the  theoretical  conditions,  but 
we  must  approach  them  as  near  as  practice  will  allow.  The 
point  is,  to  aetermine  what  is  the  theoretical  condition,  and  then 
see  how  nearly  we  can  come  to  it  in  actual  practice. 

The  President: — It  seems  to  me  that  the  problem  from  a 
mechanical  point  of  view  is  an  extremely  simple  one.  The  fact 
that  the  author  considers  paradoxical,  is  simply  this  ;  that  if  you 
had  an  infinitely  rapid  rate  of  acceleration  to  a  given  speed  and 
then  an  infinite  rate  of  retardation  as  suggested  by  Mr.  Steinmetz, 
and  leaving  out  the  (juestion  of  stops,  you  would  get  the  most 
economicalcondition,  and  hence  the  kinetic  energy  put  into  the 
train  would  be  a  minimum. 


The  following  paper  on  "  The  Cost  of  Steam  Power,  by  Mr. 
H.  A.  Foster,"  was  read  at  the  morning  session,  July  2»th,  by 
the  Settretary,  in  the  absence  of  the  author : 


A  /a/er  preMtnitd  at  the  I4tk  Ctnerai  Meeting 
of  the  A  merican  itutttute  o/  Electrical  Engi- 
neers^  Eliot,  Me.^  July  rjtk^  iSqij,  President 
Crocker  in  the  Chair. 


THE   COST   OF   STEAM   POWER. 


BY    HORATIO    A.    FOSTER. 


In  this  age  of  electricity,  when  so  much  is  being  done  in  the 
way  of  developing  its  applications,  and  especially  in  its  applica- 
tion to  the  transmission  and  distribution  of  power,  perhaps  no 
one  item  causes  so  much  controversy  as  the  cost  of  steam  and 
other  familiar  forms  of  power.  It  seems  to  have  been  taken  for 
granted  for  years  that  anyone  and  everyone  knows  the  cost  of 
developing  power  by  steam,  and  in  almost  all  cases  when  a  per- 
son stating  such  costs  is  pinned  down  to  facts,  it  has  been  found 
that  he  is  either  guessing,  or  quoting  those  he  supposes  are 
authorities.  It  is  to  be  presumed  that  statement*  of  actual  tests 
for  cost  might  have  been  published,  but  the  writer  has  in  a 
somewhat  extended  search  run  across  but  one  such  statement 
that  might  be  considered  reliable,  and  that  was  a  test  for  some- 
thing under  100  days,  and  that  practically  confined  to  the  warm 
season  of  the  year  and  not  therefore  of  the  greatest  value. 

Other  estimates  have  been  made  from  extended  experience 
and  carefully  revised  theory,  and  in  fact  little  can  be  added  to 
tables  published  during  the  past  few  years  by  some  of  our  most 
eminent  and  best  qualified  engineers,  in  the  way  of  carefully 
])repared  estimates  of  what  should  perhaps  be  called  the  average 
cost  of  producing  steam  power  under  various  conditions  as  to 
amount  of  power  and  the  type  of  ma(*.hinery  employed. 

It  must  be  said,  though,  that  almost  all  these  estimates  have 
been  made  for  powers  of  large  size  and  where  little  variation  of 
load  takes  place,  and,  while  such  estimates  are  of  great  value 
for  use  in  discussion  of  the  subjects,  the  writer  has  found  them 
somewhat  unsafe  to  use  unless  their  results  are  applied  in  con- 
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nection  with  extended  experience,  for,  while  the  results  con- 
sidered as  averages  are  probably  correct  for  ordinary  conditions, 
they  cannot  of  course  be  expected  to  inchide  extraordinary 
conditions,  and  the  results  of  this  investigation  seem  to  show 
that  individual  cases  vary  so  much  that  it  is  not  fair,  and  may 
be  misleading  to  state  average  cost"^. 

It  seems  a  pity  that  the  cost  of  power  is  most  often  quoted 
for  one  liorse-power  for  one  year,  and  so  freely  assumed  that 
there  is  an  average  cost  of  power  on  which  one  can  base  estim- 
ates in  the  cost  of  manufacture;  for  the  writer  will  endeavor 
to  show,  as  this  pai>er  progresses,  as  others  have  done,  first,  that 
any  general  statement  of  the  cost  of  power  per  horse-power  per 
annum  is  incorrect,  for  the  reason  that  such  a  statement  does 
not  ordinarily  take  into  account  the  number  of  hours  run  per 
diem,  or  the  number  of  days  per  year,  and  even  in  that  class  of 
plants  supposed  to  run,  say  308  days  per  annum,  it  is  seldom 
one  can  be  found  that  runs  a  full  vear,  and  no  two  run  the  same 
length  of  time;  and  second,  that  no  such  statement  of  an  aver- 
age cost  of  power  is  of  any  value  whatever,  unless  it  be  for 
plants  employed  in  similar  work,  and  under  exactly  shuilar  con- 
ditions, and  even  then  the  amount  of  power  developed  is  such  a 
factor  for  varying  the  unit  cost  that  it  is  in  the  opinion  of  the 
writer  (juite  fair  to  say  that  there  is  no  average  unit  cost  for 
steam  power,  that  is  safe  for  general  application,  and  it  is  thought 
that  a  somewhat  careful  study  of  the  tables  and  computations 
accompanying  this  paper  will  help  to  a  clearer  understanding  of 
the  reasons  therefor. 

Although  in  the  great  majority  of  instances  office  accounts 
are  so  kept  as  to  give  no  real  basis  upon  which  t<>  compute  the 
cost  of  power,  and  in  most  ofl^-hand  estimates,  the  rated  capacity 
and  not  the  average  power  developed  has  been  used  as  a  divisor, 
there  can  be  no  doubt  that  in  some  of  the  older  industries,  say 
in  the  great  flour  mills  and  the  large  eastern  cotton  factories, 
where  prices  of  manufactured  goo<ls  have  been  tending  <iown- 
wardly  for  so  manv  vears,  and  verv  close  accounts  of  unit  cost 
have  necessarily  been  kept,  and,  as  in  all  other  departments  the 
power  has  been  very  carefully  looked  after,  that  in  such  cases 
it  is  very  likely  that  careful  comparisons  will  show  the  cost  of 
power  to  be  more  or  less  uniform  when  used  under  similar  con- 
ditions, but  reference  to  the  tables  will  show  this  to  be  more 
widely  at  variance  than  is  commonly  thought. 
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It  will  be  the  endeavor  of  the  writer  to  show  by  tabulated 
data  as  far  as  possible,  the  condition  of  the  plants  tested,  with- 
out going  any  more  into  detail  than  seems  necessary  for  a  clear 
understanding. 

In  order  that  the  value  of  the  results  may  be  determined,  it  is 
necessary  to  give  some  description  of  the  methods  pursued  in 
obtaining  them,  and,  as  they  were  as  far  as  possible  the  same 
throughout,  a  general  description  will  do  for  all  except  the  spe- 
cial cases. 

In  order  that  the  greatest  value  might  be  obtained,  it  has 
always  been  the  opinion  of  the  writer  that  no  results  for  a  period 
short  of  twelve  consecutive  months  should  be  used,  and  in  all 
but  one  case  which  was  for  eleven  months,  a  vear  has  been  taken 
as  the  smallest  unit  of  time. 

In  a  general  way,  the  unit  of  time  having  been  settled,  where 
possible  a  unit  of  output  was  selected,  after  a  careful  and  some- 
what extended  study  of  the  special  business  in  all  its  conditions, 
on  which  averages  could  be  constructed  and  which  could  be 
turned  into  horse-power  after  determining  its  rate. 

Indicator  tests  were  always  made  both  for  determining  the 
rates  of  power  and  the  ratio  of  power  to  the  unit  of  output: 
for  instance,  in  a  flour  mill  it  is  only  necessary  to  apply  indi- 
cators to  the  engine  cylinder  for  a  certain  period  of  time,  not 
less  than  24  hours,  and  to  count  the  actual  output  in  barrels, 
to  determine  a  fairly  accurate  ratio  of  horse- power  j)er  barrel 
of  production,  after  which  it  is  a  simple  matter  to  determine  the 
average  for  a  year  from  a  total  production  and  the  actual  time 
during  which  the  mill  was  running  and  the  output  recorded; 
or  in  an  arc  lighting  station,  if  an  indicator  test  is  made  of  the 
engine  for  the  entire  time  per  day,  during  which  lamps  are 
burned,  and  the  number  of  lamps  running  during  the  same 
period  be  recorded,  then  also  it  is  easy  to  determine  the  ratio 
of  power  to  lamps,  wlience  by  computation  from  the  records 
kept  of  the  number  of  lamps  burning  and  the  time  in  hours 
during  which  they  were  lighted  for  a  year,  the  lights  can  be  re- 
duced to  horse-power,  and  if  accurate  and  well  classiiied  records 
of  expenditure  are  kept,  the  annual  and  hourly  cost  of  power  is 
determinable  to  a  close  degree  of  accuracy.  Of  course,  wide 
variations  in  the  amount  of  power  used  will  often  change  the 
ratio,  but  care  has  been  taken  in  these  tests,  not  to  base  them  on 
periods   of  changing   power   consumption,   and  it  is   therefore 


388  FOSTER  ON  COST  OF  STEAM  POWER.  [July  27. 

thought  that  the  results  are  within  the  ordinary  limits  of  accuracy. 
For  the  sake  of  uniformity,  as  well  as  to  reduce  the  items  of 
account  to  as  small  a  number  as  was  considered  consistent  with 
clear  understanding,  a  list  of  cost  accounts  was  determined  on, 
that  in  most  ways  agrees  with  work  previously  done  in  this  line, 
and  which  it  was  tliought  could  be  most  easily  met  by  the  most 
ordinary  bookkeeping. 

The  list  is  as  follows : 
Operatiny  ExpefiSHS. 

Fuel. 

Wages. 

Supplies. 

Repairs. 

Water. 

Incidentals,  including  lighting  and  removal  of  ashes. 
Fixed  Charges. 

Interest  on  cost  of  plant. 

Depreciation  on  value  of  plant. 

Insurance. 

Taxes. 
In  considering  the  value  to  be  given  to  each  item,  many  things 
had  to  be  discussed  in  order  that  proper  separation  of  expendi- 
ture due  to  items  other  than  for  power  could  be  made,  as  for 
instance  the  item  of  fuel ;  in  many  cases  buildings  have  had  to  be 
heated,  either  by  exhaust  or  live  steam ;  steam  has  been  used  for 
hot  tables,  as  in  the  case  of  new8i)aper  offices,  and  for  dry  rooms 
for  lumber  etc.  as  is  the  case  of  a  furniture  factory.  In  all  such 
cases  the  study  of  the  plant,  consultation  with  the  engineer  in 
charge  and  the  management,  coupled  with  the  experience  of  the 
writer  has  ensured  the  determination  of  an  amount  satisfactory 
to  all  concerned  as  being  the  nearest  correct  obtainable  under  the 
ordinary  conditions  of  practice. 

In  the  item  coming  under  the  head  of  fixed  charges,  a  some- 
what different  treatment  obtained,  as  so  little  attention  is  given 
these  items  by  the  ordinary  business  management  that  in  most 
instances  not  only  the  value  of  the  plant,  but  the  items  going  to 
make  up  the  fixed  charges  had  to  be  determined  by  the  writer 
from  his  experience,  together  with  such  information  as  could  be 
gotten  from  the  people  in  charge.  While  insurance  and  taxes 
were  of  course  determinable  from  the  books,  interest  was  rated 
in  almost  all  cases  at  5  per  cent.,  and  depreciation  at  rates  varying 
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from  2^  to  10  per  cent,  for  building,  and  5  to  15  per  cent,  on  steam 
plant,  all  according  to  type  of  material  in  UBe,  its  condition,  the 
manner  in  which  it  was  handled,  etc.  In  but  few  cases  were  either 
of  these  items  considered  in  the  estimates  of  cost  by  the  owners. 
It  must  be  remembered  in  this  connection,  that  fixed  charges  ga 
on  all  the  time,  24  hours  per  day  for  365  days,  and  that  the  unit 
cost  is  the  same  if  computed  by  the  year,  but  does  not  have  the 
same  relative  value  when  computed  by  the  number  of  hours  the 
power  was  actually  in  use.  In  passing,  it  may  be  well  to  say  that 
the  number  of  firms  in  good  business  standing  that  are  entirely 
at  sea  regarding  the  actual  cost  or  present  value  of  power  plant 
is  to  say  the  least  astonishing. 

One  item  taken  into  consideration  in  all  the  tests,  and  one 
seldom  considered  at  all  in  the  ordinary  statements  of  the  cost  of 
power,  is  the  value  of  the  building  or  part  of  the  building  de- 
voted to  the  use  of  the  power  plant.  In  some  few  cases  buildings 
were  set  apart  for  this  purpose,  and  where  the  value  was  known 
it  was  of  course  easy  to  fill  out  the  item ;  but  in  cases  where  the 
power  plant  was  in  the  same  building  with  the  other  portions  of 
the  plant,  it  became  necessary  to  set  off  the  value  from  the  rest, 
and  this  was  most  often  done  by  determining  the  renting  value 
of  the  room  used,  which  can  usually  be  done  with  small  chance 
of  error,  and  then  to  capitalize  the  rent  as  the  value  of  that  part 
of  the  buildmg  devoted  to  power  purposes. 

In  one  item  used  in  these  tests,  the  writer  apparently  differs 
from  most  other  estimators  of  the  cost  of  power,  and  that  is  in 
the  use  of  the  indicated  horse-power  rather  than  brake  horse- 
power for  the  divisor,  and  his  reasons  for  using  it  are  as  follows: 
viz : — Indicated  horse-power  can  nearly  always  be  determined  to 
a  degree  of  accuracy  only  limited  by  the  usual  errors  of  instru- 
ments and  their  users,  generally  conceded  to  be  small;  while 
brake  tests  can  seldom  be  made  in  practice,  and  the  net  power  is 
therefore  most  often  detennined  by  assuming  a  certain  percentage 
of  engine  and  shafting  elBciency  which  under  general  conditionf^ 
is  quite  incapable  of  proof,  and  the  errors  of  which  must  be  added 
to  those  of  the  indicator  test.  The  writer  therefore  prefers  to 
eliminate  this  chance  for  error,  and  should  any  one  desire  to 
change  the  figures  here  displayed  to  brake  horse-power,  it  is  only 
necessary  to  make  the  single  computation  due  to  any  engine  etfi- 
dency  that  he  may  wish  to  assume. 

Referring  now  to  plants  tested,  those  on  which  reports  were 
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made  were  not  selected  in  order  to  show  the  very  considerable 
variation  in  results  that  are  given,  but  for  availability  and  for 
variety  of  types  and  of  business. 

The  plants  on  wliich  tests  were  made  for  unit  cost  of  power 
were: 

Two  Electric  Lighting  Stations. 

One  Grain  Elevator. 

Three  Water  Works  Pumping  Stations. 

Two  Flouring  Mills. 

Six  Cotton  Mills. 

Four  Newspaper  and  Printing  Offices. 

One  Department  Store. 

One  Furniture  Manufactory. 

«■ 

One  Bakery. 

One  Glazed  and  Fancy  Paper  Manufacturing  Company. 

The  criticism  may  be  offered  that  not  enough  plants  were 
tested  in  any  one  business  to  determine  an  average  cost  of  iK)wer 
in  that  business,  and  a  careful  inspection  of  the  following  tables 
will  show  that  comparisons  of  cost  of  power  between  unlike 
types  of  business  are  of  little  value,  and  if  still  further  com- 
parisons be  made,  it  will  be  found  that  conditions  vary  so  much 
in  the  same  type  of  business  as  to  show  that  any  statement  of 
an  average  cost  of  power  even  there  is  quite  misleading  and 
that  therefore  tests  of  even  a  single  plant  of  any  of  the  different 
classes  of  business  is  of  value  only  so  far  as  it  deteniiines  the 
cost  for  that  plant  alone,  and  demonstrates  tlie  fact  of  which 
the  writer  has  become  thoroughly  convinced,  that  each  plant 
must  be  tested  as  if  it  were  the  only  one  of  the  type  in  existence. 

Coming  now  to  tables,  table  i  for  easy  reference,  gives  the 
number  of  the  plant,  the  number  and  type  of  boilers,  with  all 
their  dimensions,  and  the  nature  and  cost  of  fuel  used. 

Table  II  is  a  continuation  of  table  i,  stating  the  number  and 
type  of  engines  used  witli  all  cylinder  dimensions  and  rated 
power:  the  total  plant  value  with  the  value  per  rated  horse- 
power; the  number  of  men  employed  witli  their  average  wages, 
and  remarks  on  the  use  of  steam  for  puri)ose8  other  than  for 
power,  when  taken  from  the  boilers  supplying  the  engines. 

The  above  tables,  perhaps,  need  little  explanation,  as  all  items 
are  placed  in  columns  so  that  results  shown  in  other  tables  can 
easily  be  traced  back  and  possible  reasons  for  the  conditions  be 
shown  in  the  plant  equipment  or  the  way  it  may  be  handled. 
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It  will  be  Been  that  in  rated  capacity  the  plants  vary  from 
40  horse-power  to  2,500  and  in  value  per  rated  horse-power  from 
$23  to  $89  in  steam  power  plants,  or  as  high  as  $368  in  water 
works  pumping  stations. 

While  the  type  of  boiler  used  leans  largely  to  the  plain,  old- 
fashioned  return  tubular,  with  the  exception  of  the  cotton  mills, 
the  types  of  engines  are  almost  as  varied  as  the  number  of  plants. 

In  fuel,  soft  coal  or  slack  of  soft  coal  largely  predominates, 
and  a  considerable  use  of  mixtures  of  the  latter  with  dust  from 
the  yards  and  hard  coal  slack  will  also  be  noticed,  which  is 
largely  due  to  efforts  to  reduce  the  smoke  nuisance. 

In  table  in,  under  the  general  heads  of  "out-put,''  "operating 
expense"  and  "fixed  charges,"  are  shown  all  the  items  in  detail 
for  each  plant,  going  to  make  up  the  total  annual  cost  of  power, 
and  in  table  ma,  will  be  found  the  items  making  up  the  cost 
per  horse-power  per  hour. 

The  first  column  in  table  iii,  under  "output,"  shows  the  aver- 
age })Ower  developed  for  one  year  covering  the  number  of  days 
and  hours  per  day  shown  in  the  third  and  fourth  columns;  and 
column  2  shows  the  percentage  of  the  total  rated  capacity  that 
the  average  power  actually  developed  bears  to  the  rated  horse- 
power of  engines,  as  shown  in  table  ii.  The  time  in  hours  per 
day  shown  in  column  4,  is  not  in  ail  cases  the  actual  average  per 
day  for  the  year,  but  the  regular  time  on  which  the  plant  was 
run  during  the  year  under  consideration,  therefore  multiplying 
the  figures  in  this  column  by  the  days  actually  run  will  not  in 
all  cases  give  as  a  result  the  total  hours  per  annum  shown  in  the 
sixth  column,  which  are  the  actual  hours  run  in  each  case. 

In  table  in,  under  the  headings  of  "operating  expense," 
*' fixed  charges,"  and  "cost  per  horse- power,"  the  figures  are  the 
costs  per  annum  for  each  item,  while  table  iii^,  gives  the  cost 
per  horse-power  per  hour  obtained  by  dividing  the  annual  cost, 
of  each  item  by  the  number  of  hours  run  as  shown  in  the  sixth 
column. 

In  tables  ii,  v  and  vi,  the  results  from  the  different  plants 
have  been  separated  and  classified  according  to  the  hours  per 
diem  during  which  they  are  run,  making  the  broad  distinction 
of  20  to  24  hour  runs  and  9  to  1 2  hour  power,  there  are  how- 
ever two  plants  that,  owing  to  wide  difference  of  running  time 
could  not  be  brought  under  these  headings,  and  they  have  there- 
fore l)een  placed  by  themselves  in  table  vi. 
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In  coDsidering  the  plants  under  these  general  divisions,  it  must 
still  be  home  in  mind  that  while  they  are  classed  under  the  same 
he^iding  in  hours  per  diem,  they  are  by  no  means  all  run  the 
saihe  number  of  days  per  year,  and  therefore  the  total  hours  per 
annum  during  which  the  plant  was  run  becomes  the  only  correct 
badis  on  which  to  compute  the  cost  for  comparison. 

In  the  above  tables  the  unit  costs  per  year,  per  day  and  per 
hour,  have  been  computed  and  placed  in  parallel  columns,  the 
first  and  last  being  from  table  iii,  while  the  cost  per  day  is  de- 
duced from  the  actual  number  of  days  run,  divided  into  the  cost 
pef  annum. 

i  TABLE  IV. 

Unit  Costs  for  20  to  24  Hour  Power. 


Number 

Average 

COSTS. 

of 

Horse- Power 

Per 

Per 

Per' 

Plant. 

Di  veloped. 

Horse- Power, 

Horse- Power, 

Horse-Power, 

Year. 

Day. 

'.    Hour. 

X 

296.7 

$53-37 

$.»797 

1.00740 

2 

210.9 
58.B 

48.17 

.1662 

.00693 

3 

13X.12 

•359a 

.0x613 

6 

70.4 

xaa.45 

-3355 

.01641 

9  • 

1352.0 

62.44 

.1711 

.007I3 

.oaSsx 

lO 

367 

233.95 

.6409 

IX 

424 

149.58 

.4098 

.01708              ' 
.oiUS 

M 

ao.9 

»Si-S4 

•4»52 

TABLE   V. 

Unff  Costs  for  9  to  12  Hour  Power. 


■ 

• 

COSTS. 

1 

Number 

Average 

1 

of 

H  01  se- Power 

Per 

Per 

Per 

Plant. 

Developed. 

Horse- Power, 

Horse- Power,              Hor? 

«- Power, 

f 
"  1  

'     4 

Year. 

Day.                             I 

lour. 

12.4 

l>73-33 

$.48ox                           1 

.05648 

!     5 

21.5 

108.27 

.30<x>. 

02918 
ocSso 

7 

»345-5 

32.70 

.0896 

8 

"9-3 

3855 

.X084 

00871 

1   »5 

>il:? 

28.39 

.0860 

00832 

16 

19.66 

.0628- 

00639 

'7 

1x74.8 

15.69 

.0513 

005)1 

18 

926.0 

20.50 

.0669 

00691 

1   ^9 

2422.0 

22.40 

.0732 

00757 

20 

1909.7 

20.03 

.0655 

00677 

21 

12787 

16.72 

1        '""^r 

0C590 

22 

! 

1 

xoio.B 

23  44 

.0767 

00794 

in  tables  vii,  viii  and  xi,  and  under  the  same  general  head- 
ing as  to  hours  run  per  diem,  as  in  tables  iv,  v  and  vi,  a  com- 
parison is  made  of  the  amount  of  power  used  as  compared  with 
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TABLE  yi. 

Unit  Costs  for  3  Hour  Power  and  fok  15^  Uoub  Powkk. 


Number 

of 

Pl«nt. 

12 

»3 

Average 

Morte-Power 

Developed. 

•     • 

COSTS. 

HOUTK 

Run. 

1 

Per 

HorM-Power, 

Year. 

Per 

Horae-Power, 

Day. 

» 

Per 

Horse- Power, 

Hour. 

1             3 

173 
53 

l3»»9 
76.45 

$.1000 
.«473 

$.03333 
.01596 

the  actual  rated  capacity  and  under  the  items  of  expense  are 
shown  the  total  operating  expense  |)er  liour,  the  total  fixed 
charges  per  hour  and  in  the  last  two  columns  the  percentage 
each  is  of  the  total  cost. 

TABLE  VII. 

Comparison  of  Power  and  Expknses. 
20  TO  24  Hours. 


No. 

of 

Plant. 


4 
5 

7 

8 

15 
16 

17 
18 

lU 

20 

33 


Expense  pkk  h.  p.  Houi 

«. 

No. 

of 

Plant. 

Rated 
Capacity, 

H     P 

Average 
Used 

H.   F 

Per  cent. 

Used 

of 

Per  cent. 

Per  cent. 

Capacity. 

Operating. 

Fixed. 

Optrruting 
of  lotal 

Fixed  of 

78 

Totol.     ' 
X5 

I 

380 

896.7 

$.00640 

$.00X00 

3 

350 

STo.q 

85 

.00580 

.00113 

84 

,6 

3 

305 

58.8 

47 

.01195 

.00417 

74 

26 

6 

330 

70.4 

32 

.01361 

00/78 

8i 

17 

y 

3195 

1353.0 

6-2 

.00177 
.oioso 

.00336 

53 

47 

xo 

110 

36.7 

33 

.01x61 

«;8 

4-^ 

XI 

no 

424 

39 

.00086 

.0072a 

57 

43 

14 

65 

30.9 

32 

.0IS3O 

.00356 

8x 

10 

TABLE  VIII. 

Comparison  of  Powkk  and  Expensks. 
9  Hours  to  12  Hours. 


Rated 
Capacity, 

H.   F. 


Average 
Used 


H.  P. 


105 

^^5 
3500 

165 

80 

200 

I300 
1000 
2500 
2000 
1400 
I300 


13.4 
31.5 

»345-5 
138.3 

32.9 
X66.7 

11748 
936.0 
3433.0 
iqoo.7 
X378.7 
1010.8 


KXFBNSK  FKK  fl.  P.  HoUK. 


Percent. 

Used  I 
of 


Capacity. 


3« 
33 
54 

78 
4» 
84 
9« 
93 
Q7 
95 


Operating,  j   Fixed. 


$.04830 
.03440 

.00585 
.00664 

.00661 
.00494 

.00345 
.00396 

.00530 

•00453 
.00370 

.00532 


$.00828 
.00478 
.00235 
.00307 
.00171 

.00145 
.00186 
.00395 
.00337 
.00234 

.0033O 
.0096s 


Per  cent. 

Operating 

of  Total. 


86 
84 

7« 
76 

79 
77 
65 
57 
7« 
67 
63 


Per  cent. 

Fixed  of 

Total. 


«4 
16 

»9 
24 

31 
2J 
35 

43 

»g 

33 
37 
^1 
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TABLB  IX. 
CoMPARiHON  OP  Power  and  Expbnbkb. 

3    H0UB8   AIYD   15^    H0UB8. 


No. 

of 

Plant. 

12 
»3 

Hours 
Run. 

3 
«5K 

Rated 

Capacity 

H.  p. 

Average 
Used 

H.  P. 

»73 
53 

Per  cent. 

Uaedof 

Capacity. 

Expenses  per  h.  p.  Hoi 

>K. 

Operating. 

.02415 
.01190 

Fixed. 

.00918 
.00406 

Per  cent. 
Operating 
ofTocal. 

Per  ccnl. 

Fixed 
of  Toul. 

300 

165 

58 
32 

72 
75 

28 
25 

Keferring  back  to  table  iv  and  taking  up  tlie  plants  in  order, 
it  will  be  well  to  discuss  each  one,  in-so-far  as  may  be  necessary 
to  explain  why  it  differs  in  cost  from  another  similar  plant  of 
which  test  is  also  given. 

Commencing  then  with  plants  No.  1  and  2,  l)eing  used  for 
similar  purposes,  the  first  being  somewhat  larger  in  cajmcity 
than  the  second. 

The  first  has  a  Corliss,  non-condensing  engine  and  boilers  of  a 
very  efficient  vertical  type,  while  the  second  has  old  and  com- 
paratively inefficient  return  tubular  boilers,  but  a  good  type  of 
engine,  running  condensing,  which  accounts  for  the  cost  being 
somewhat  less  than  for  plant  number  one. 

It  may  be  said  tliat  during  ihe  test  the  first  of  these  plants 
was  found  to  be  using  a  great  deal  more  coal  when  the  night 
fireman  was  on  <)uty,  than  the  day  fireman  used  in  the  same 
length  of  time,  and  for  an  average  of  two  liorse-power  in  excess 
over  that  developed  during  the  night.  Since  the  test,  this  has 
been  remedied  and  it  is  said  that  the  plant  is  now  running  at  a 
very  considerable  saving  over  its  former  condition.  The  waste 
of  coal  as  mentioned  above,  is  one  of  the  items  that  cannot  be 
included  in  any  theoretical  computation,  ])ut  is  too  common  in 
practice. 

Plants  3  and  H,  both  run  similar  types  of  business,  the  first 
getting  its  power  from  a  fine  simple  ( -orliss  engine  kept  in  the 
best  of  order,  while  the  other  uses  one  very  old  type  of  engine 
running  compound  condensing,  and  two  small  high  speed  engines, 
running  at  high  pressure.  Both  plants  are  well  kept  and  the 
final  resulti*  in  costs  per  horse-power  per  hour  is  seen  to  vary 
but  .0003. 

The  next  three  cases  H,  10,    11   are  three   pumping  stations 
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«nder  city  control,  and  while  the  total  cost  Heeme  bi^^h,  it  must 
be  remembered  that  fixed  charges  account  for  a  good  part  of 
tiie  entire  expense,  and  in  making  comparisons  l)etween  plants 
of  this  kind  and  other  power,  it  will  be  more  fair  to  compare 
operating  expenses  only,  and  in  that  case  the  showing  while 
high  is  not  so  much  higher  than  for  other  plants  of  a  similar 
capacity  as  to  be  startling. 

The  last  case  in  this  division,  No.  14,  was  the  only  one  of  tlie 
natnre  of  business  carried  on  and  the  only  detail  given  will  be 
t<^  say  that  it  had  a  Buckeye  engine,  kept  in  the  best  of  order. 

Plants  No8.  4  and  5,  in  table  v,  are  used  in  similar  business, 
and  in  spite  of  the  fact  that  the  first  has  by  far  the  better  plant, 
the  cost  is  seen  to  be  h  great  deal  higher  than  in  the  second 
case,  aTul  maiTiiy  for  the  reason  that  a  larger  average  output  is 
ubtained  from  the  latter  plant. 

( -ase  No.  7  in  the  name  table  is  one  in  which  the  circumstances 
were  such  as  to  enable  the  deterininatiim  of  cost  with  extreme 
accuracy,  the  output  being  uniform  and  (*.onstant  and  the  ac- 
counts most  accurately  kept.  The  cost  is  Sf>mewhat  higher  than 
it  might  be,  owing  to  rather  low  ratio  of  output  to  capacity,  but 
this  has  since  been  remedied  and  the  unit  cost  materially  re- 
duced. 

Plant  No.  8  is  one  that  will  answer  for  a  t\\^  of  hundreds  of 
small  electric  lighting  stations  in  the  United  States,  and  the  test 
is  only  remarkable  in  the  variety  of  output,  making  it  necessary 
to  do  a  very  lar^e  amount  of  calculation  in  onler  to  arrive  at 
anything  like  reasonably  cori'ect  results.  Fortunately  for  the 
purpose,  ampere  records  ha<i  been  kept  of  the  incandescent  part 
of  the  output,  as  well  as  a  clear  record  of  the  numl)er  of  arc 
lamps  run,  together  with  the  time  of  running  for  each  night  of 
the  vear. 

By  makhig  an  indicator  test  of  the  engine,  and  at  the  same 
time  recording  the  amperes  and  volts  at  the  switchboard,  it  was 
easy  to  arrive  at  the  average  power  for  a  complete  run  and  thus 
to  establish  a  ratio  of  steam  power  to  electrical  output  for  the 
entire  year,  an<l  by  means  of  the  ratio  converting  it  into  horse- 
I>ower,  an   average  power  for  the  entire  year  was  determined. 

The  resulting  cost  j)er  horse-power  is  surprisingly  low  and  is 
due  t^  several  things,  tiret,  low  rate  of  wages;  second,  just  as 
little  labor  as  could  run  the  plant,  and  third,  cheap  fuel. 

A  calculation  of  the  cost  of  the  electric  output  in  this  plant 
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shows  it  to  be  not  nearly  so  e<;on(>inical  as  might  witli  reason  }>e 
expected  from  the  low  cost  of  steam  power,  and  is  due  to  the 
low  average  efficiency  of  the  plant,  caused  by  running  for  many 
honi%  at  light  loads. 

Plant  No.  15,  is  one  of  that  type  of  plants  that  uses  steam  ion 
power  purposes,  more  as  an  incident  of  the  manufacture  than  aA 
one  of  the  prime  factora  in  cost. 

Steam  for  drying' goods  is  the  chief  factor  in  plants  of  this 
kind,  and  in  this  case  all  the  exhaust  from  the  engine  and  in 
cold  weather  much  live  steam  is  used  for  drying  purposes. 

Plant  No.  1 6,  like  the  last  one,  uses  a  great  proportion  of  its 
steam  for  drying  purposes,  and  an  additional  factor  for  low 
power  cost  is,  that  nearly  all  fuel  for  day  use  is  the  waste  wood 
and  shavings  from  the  manufacture.  Add  to  this  the  fact  that 
the  machinist  acts  as  engineer,  and  the  engine  is  of  good  size  and 
located  in  the  machine  repair  shops  and  it  will  be  seen  that  most 
of  the  factors  in  the  case  make  a  very  low  cost  of  power. 

Plants  Nos.  17  to  22  inclusive,  are  large  cotton  mills,  in  an 
eastern  state.  The  statement  made  in  the  early  part  of  this 
paper,  seems  to  be  borne  out  that,  while  it  might  be  thought 
that  mills  of  this  nature  using  as  large  units  of  j)ower  as  do 
these,  and  in  a  business  so  near  alike  for  all,  would  perhaps  show 
a  more  uniform  cost  of  ])Ower,  still  vary  a  somewhat  larger 
amount  than  would  be  pmcticable  to  average. 

The  cost  of  tlie  lowest.  No.  17,  is  $005/il  per  horse-|)Ower 
hour  and  the  highest.  No.  22,  $00794,  a  difference  of  nearly  50 
]>er  cent  increase  over  the  first  mentioned  plant.  To  be  sure, 
the  first  named  plant  (No.  17)  is  a  new  style  (-orliss,  4  cylinder, 
triple  expansion,  condensing  engine,  wliile  the  last  (No.  22)  is 
of  the  cross-compound  condensing  (/orliss  type. 

(Jf  course,  it  is  readilv  seen  that  the  extra  cost  could  not  be 
in  fuel  efficiency,  and  by  reference  to  table  in,  it  will  be  seen 
that  the  difference  is  in  '^supplies"  and  "re|)airs''  to  a  verj'  large 
extent,  (*aused  by  a  charge  of  part  of  the  ex])ense  of  replacing 
the  whole  bank  of  boilers.  This  is  one  of  the  items  of  cost  that 
8i>  often  happen  in  steam  j)lants,  and  the  charge  is  seldom  in-i 
eluded  in  figuring  the  cost  of  power. 

Comparing  No.  17  with  No.  21,  the  total  cost  per  hour  for 
the  former  is  $.00531  and  for  the  latter  $.0059,  a  difference  of 
$.00059,  or  11  per  cent  of  the  first  named  plant. 

Again  referring  to  table  jii,  another  perhaps  uncx|>ected  re- 
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flult  is  found,  i.  e.  the  fuel  cost  for  the  triple  iexpansion  engine 
ifi  higher  than  in  the  other  (No.  21),  which  is  a  Corliss  croM- 
compound  condensing  engine. 

As  both  plants  nse  Manning  boilers  that  are  presumably  of 
like  efficiency,  a  reference  to  table  i  shows  that  the  coal  used 
in  No.  17  cost  $d.«S5  per  ton,  while  the  mixture  used  in  No.  21, 
cost  but  $2.57  and  the  difference  in  quantity  used  that  may  have 
been  due  to  higher  engine  economy,  seems  not  to  have  made  up 
for  the  difference  in  price. 

Taking  up  the  wages  cost  for  these  six  plants,  an  examination 
of  tables  HI  and  in  a,  shows  a  very  considerable  variation  in  that 
item,  due  to  a  number  of  different  factors:  for  instance,  No^ 
32  has  but  one  engineer,  with  not  even  an  oiler,  but  the  number 
of  firemen  used  brings  up  the  cost  to  a  trifle  more  than  on  No. 
17,  where  tlie  one  engineer  divides  his  time  equally  between  the 
plant  examined  and  another  one,  and  therefore  equally  divides 
the  cost,  an  oiler  looking  directly  after  the  care  of  tlie  engine; 
and  the  divisor  (amount  of  power  developed)  is  greater  in  the 
first  case,  thus  materially  reducing  the  unit  cost.  The  labor  cost 
in  steam  power  can  be  made  one  of  the  greatest  variables  in  it 
an<l  when  it  is  found  to  be  a  fact  that  one  engineer  at  say  $3.00 
per  day,  can  and  does  successfully  run  an  engine  developing  over 
a  thousand  horse-jK)wer,  and  yet  no  less  cost  than  this  is  required 
for  running  a  plant  of  say  200  or  even   100  horse- power,  it  is 

readily  seen  that  the  unit  cost  differs  materially  in  the  two  cases 

1'  If 

and  will  vary  proportionally  between  the  two  limits.  Of  course 
this  is  not  advanced  as  new  in  theory  but  the  writer  wishes  ti> 
irall  rather  closer  attention  to  the  point  than  seems  to  have  been 
given  it  in  the  past. 

In  table  vi,  the  first  plant  No.  12,  is  a  large  grain  elevator 
in  which  power  is  used  s|)asmodically  and  averages  but  3  hours 
out  of  the  24  the  year  round.  *  This  power  varies  in  amount  to 
a  great  extent,  running  at  times  as  low  as  43  horse-power  and 
again  witli  the  ''marine  leg''  on,  and  other  "lofters"  as  high  as 
250  horse-power  may  be  in  use  for  a  short  time.  The  average 
173  horse-power  is  somewhat  higher  than  might  l>e  expected 
with  the  entire  disuse  of  the  marine  leg  in  winter,  and  only  the 
inside  legs  going  during  that  time,  but  it  checks  well  with  all 
the  tests  made  on  the  plant. 

Plant  No.  13  is  run  for  15^  hours  every  working  day  of  the 
year  and  in  spite  of  the  fact  that  the  engine  and  dynamo  ^Uxv^ 
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is  in  duplicate,  the  cost  per  horae-power  is  quite  low;  this  is 
mainly  dne  to  extremely  good  management  and  careful  ac- 
counting. Power  ifl  mainly  used  for  running  electric  lights  and 
one  or  two  small  motors.  Steam  is  used  for  power  and  for  an 
elevator  and  other  pumps.  An  accurate  record  is  kept  of  the 
weight  of  coal  used  each  day,  and  the  reading  of  the  ampere  and 
voltmeters  is  registered  all  day  long  at  hourly  intervals,  thus  en- 
abling a  quite  accurate  estimate  to  be  made  of  the  average 
power,  by  determining  the  ratio  of  cylinder  power  to  ampere 
readings. 

While  the  above  22  plants  are  the  only  ones  on  which  tests 
available  for  this  paper  were  carried  out,  many  others  were  ex- 
amined during  the  time,  and  while  it  may  be  said  that  in  most 
plants  fairly  acx^nrate  tests  may  be  made,  some  are  found  in 
which  it  18  next  to  impossible  to  arrive  at  anything  like  accurate 
results. 

Until  one  makes  a  business  of  examining  power  plants  with 
an  idea  of  learning  the  unit  cost  of  power,  it  is  impossible  to 
judge  adecfuately  of  the  varying  conditions  obtaining  and  there- 
fore of  the  fact  that  any  possible  statement  of  an  average  cost  is 
misleading. 

It  has  l)een  tlie  writerV  experience  that  one  (»f  the  gi-eatest 
factors  for  varying  the  cost  of  steam  ])ower  in  a  given  plant  is 
to  be  found  in  the  tire  room. 

In  but  few  plants  is  this  part  of  the  expense  found  U>  receive 
the  attention  it  should  have  to  obtain  the  best  results;  and  as  a 
whole,  the  men  employed  at  the  work  of  tiring  are  of  a  clasti 
that  seldom  runs  to  brains,  and  unless  pushed  to  it  by  the  manage- 
inent,  the  engineer  is  prone  to  exercise  only  a  nominal  super- 
vision over  the  department.  When  a  tireman  on  one  shift  can 
use  nearly  twice  as  much  coal  doing  the  same  work  as  the  lire- 
man  on  the  other  sliift  as  was  found  in  one  case,  it  is  time  the 
engineer  was  disposed  of  or  new  methods  arranged. 

In  plants  developing  a  low  amount  of  power,  say  less  than 
100  horse-power,  as  a  large  majority  of  them  do,  tlie  labor  item 
due  to  varying  conditions  of  the  business,  becomes  a  very  im- 
portant factor,  and  one  in  which  great  saving  can  be  made  by 
re-aiTangement  of  power  supply. 

In  order  to  make  this  paper  of  greater  value,  the  writer  haa 
tliought  it  well  to  add  the  results  of  estimates  by  other  investi- 
gators and,  as  coal  is  the  o\\\y  item  that  varies  to  a  great  extent 


1^7.1 


F08TBR  ON  OOBT  OF  8TEAM  FOWMUL 


in  unit  price,  it  has  been  tliought  l)e8t  to  bring  that  item  to  the 
same  price  per  ton,  and,  as  the  ton  used  in  the  neighborhood 
where  most  of  the  tests  were  made  is  2,000  pounds,  all  weights 
and  prices  have  been  reduced  to  a  cost  of  $3.00  per  2  000 
pounds,  deliyered. 

Tables  x  to  xvii  inclusive,  are  the  results  of  the  tests  by  the 
writer,  classiiied  by  types  of  plant,  and  reduced  to  coal  at  $8.00 
per  2,000  pounds.  These  tables  show  the  number  of  the  plant 
as  given  in  the  previous  tables,  the  hours  run  per  diem,  the 
average  power  developed,  operating,  iixed  and  total  expense  per 
hour  per  horse-power. 

Table  x,  shows  the  costs  for  slow  speed  non-condensing  en- 
gines, irrespective  of  the  size  or  number  of  hours  run  per  diem. 
Although  an  average  is  taken  of  these,  it  is  of  course  of  little 
value  as  the  costs  vary  not  only  by  reason  of  the  amount  of 
power  developed  but  from  the  number  of  hours  run  per  diem, 
and  the  variety  of  each  of  these  conditions  is  such  that  each  item 
could  as  well  be  placed  by  itself. 

Table  xi  shows  results  for  high  speed  automatic  engines, 
which  are  also  as«eml)led  irre8j)ective  of  time  of  running  or 
power  develoj>ed  and  show  very  uneven  costs. 

Tables  xii  and  xiii  include  but  one  plant  each,  and  are  there- 
fore of  little  use  for  comparison,  excepting  as  showning  the 
general  variation  of  cost. 

TABLK  X. 

Coal  Rkduckd  to  $8.00  per  2,000  Lbs. 
Slow  Spekd.     X()N-Coni>ensing. 


Number 

of 
Plant. 

Hours 
Run. 

Average 
Power. 

EXPENSES. 

Operating. 

Fixed. 
$.00109 

Total. 

I 

34 

296.7 

$.oo8ii 

$.00930 

3 

23 

58.8 

o«343 

.00417 

.01760 

5 

9 

21.5 

.09865 

.00478 

•03343 

8 

i-^ 

129.3 

.0069a 

.00907 

.00899 

|6 

lO 

16*^.7 

.00591 

OOM5 

.00736 

12 

3 

>73- 

.02789 

.00918 

.03707 

Averages. . 

$.01517 

$«>379 

$.01896 
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TABLE  XL 

OoAL  Bkduobd  to  $3.00  PER  2,000  Lb«. 
High  Speed.     Automatic  Non-Condensing. 


j 

)     Number 

Houn 
Run. 

Average 

»  1 
EXPENSES.                            • 

ot 
Plant. 

Power. 

Operating. 

Fixed.                     TouL 

4 

• 

1      " 

24 

9 
xo 

«5 

20.9 
13.4 

32-9 
53 

$.OZ802 

.05686 
.00824 
.01446 

$.00350 
.00838 

1 

.00171 
.00406 

$.oas5* 
.06514. 
.00995 
.0185a      '  ' 

Averages.. 

•  «•      •      «•••• 

$.09439 

$.00439 

$.00878 

Number 

of 
Plant. 


TABLB  XII. 

Coal  Reduced  to  $3.00  pek  2,000  Liw. 
Slow  Speed  Condensing. 


Houni 
Run. 


EXPENSES 


Fixed. 


$.00113 


Total. 


$.00898 


TABLE  XIII. 

Coal  Reduced  to  $3.00  pkk  2,000  Lbis. 
('omhinbd.     compound-coni)kn8in<i  and  automatic 

NoN-CoNDKN8IN(J. 


Number 

Hours 
Run. 

23 

A  vcraK*' 
Power. 

70.4 

Operating. 
$01573 

EXPENSES. 

ToUl. 

of 
Plant. 

Fixed. 
$.00273 

6 

1 

$  01851 

I 

Table  xiv,  shows  like  results  for  three  pumping  stations,  and 
one  gets  a  verv  goo<l  idea  of  the  vast  dilferenee  in  unit  cost  of 
power  when  developed  is  widely  varying  quantities;  the  first 
plant,  developing  1,352  horse-power,  and  the  other  two  less  than 
50  horse-power  each,  the  difference  in  cost  l)etween  the  highest 
and  the  lowest  being  as  $.007  is  to  $.03048. 
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TABLE  XIV. 

Coal  Reducrd  to  $3.00  i>er  2,000  Lbs. 
Pumping  Engines,  Compound  Condensing. 


Number 

Houra 
Run. 

Average 
Power. 

EXPENSES. 

t 

of 
Plant. 

Operating 

Fixed. 

Total. 

=9-' 

lO 

II 

24 

34 

24 

1352- 
36.7 

42-4 

S.00455 
.01887 
.0x149 

$.00336 
.01161 
.oo7aa 

•  00791 
.03048 
.0187 1 

.Averageai... 

•    ■•         •«■•• 

.01174 

•00739 

•0x913 

In  table  xv,  is  shown  the  cost  for  four  large  plants  using  slow, 
speed  compound  condensing  engines.  This  type  of  plant  is  per- 
haps the  most  common  of  modem  plants  in  use  for  large  quan- 
tities of  power,  and  is  one  on  which  perhaps  the  most  ^nd  b€»t^ 
estimates  have  been  made,  and  therefore  most  easily,  compared 
with  other  tables. 


TABLE  XV. 

(k>AL  Reduced  to  $3.00  pkk  2,000  Lbh. 
Slow  Speed  Compound  Condensing. 


Number 

of 

Plant. 

Houni 
Run. 

Average 
Power. 

1 

i 

»345-5           ' 

EXPENSES. 

Operating. 

1 

Fixed. 

1    - 

Total. 

t 

II 

♦  00901 

1 

$00235 

1 

$.0x136 

18 

10 

936.0 

.00447 

.00295 

.00742 

ai 

10 

1278.7 

.00414 

.00230 

1 

.00634 

3a 

10 

1010.8 

1 

.00532 

•           .ooa6a 

.00784 
.00824 

;  Averages.. 

.••       •       ••■••■ 

1 

....      . .          ....  1 

1 

•Q057X 

''  .00253 

1 

Table  xvi,  shows  the  result  in  one  plant  using  a  large  triple 
compound  engine  of  special  type,  and  one  of  the  items  tending 
to  low  cost  in  this  instance,  is  that  but  half  the  engineer's  time 
is  chargeable  to  this  particular  plant;  another  being  the  low 
fixed  charge  owing  to  very  close  buying  by  the  management.' 
The  cost  of  power  here  wil)  be  seen  to  be  less  than  generally 
estimated. 


40« 


F08TBR  ON  COST  OF  STB  AM  POWER. 


[Juty  tr. 


TABLE  XVI. 

CoAh  Kkduokd  T()  $3.00  per  2,000  Lbs. 
Slow  Spekd  Triple  Oompocnd  (/ONDKNHiNi^. 


Number 

of 
PtaBt. 

Hour!* 
Ran. 

t 

AveniKc 
Power. 

»7 

lO 

1x74.8 

Operating. 


EXPENSES 


Fined. 


%  00318 


|.oox86 


Tocal. 


$.00504 


Table  xvii,  shows  the  results  in  two  mixed  plants  of  large 
size,  both  cotton  mills.  In  both  cases  about  half  the  plant  con- 
aiats  of  the  best  type  of  compound  coii<lensing  engines,  while  the 
remainder  iB  made  up  of  the  old-fashioned  double  Corliss  part 
condensing  type,  the  exhaust  from  one  end  of  each  cylinder 
l)eing  generally  used  for  purposes  of  heating  about  the  mills. 
In  passing,  it  may  be  well  to  say  that  most  of  the  modem  cotton 
mill  plants  use  steam  for  heating  direct  from  the  boiler  through 
pressure  reducing  valves,  and  not  from  any  part  of  the  exhaust 
of  the  engines. 

TABLE  XVII. 

Coal  Heduckp  to  $3.00  per  2,000  Lbs. 
Combined,  Compound  Condensinc*  and  Simple  Condensing. 


Number 

of 
Plant.      I 


«9 


90 


Hours 
Run. 


Averages 


expenses 


Opemtiiig. 


Fixed. 


$.00461) 
.00527 


$.00227 


.C0224 


$.00404 


$.00225 


Comparisons. 

Of  modern  investigations  of  the  cost  of  power,  none  stand 
higher  than  tliose  of  Dr.  C.  E.  Emery  in  a  paper  before  the 
Akrkioan  Institute  of  ELEcrrRioAL  Engineers,  March  2l8t, 
1893,  I  have  therefore  thought  it  well  to  include  here  such  parts 
of  the  tables  as  will  afford  a  chance  for  comparison  with  the 
work  of  the  writer  and  that  of  others.  The  investigation  by 
Dr.  Emery  in  this  particular  case  was  confined  to  the  large  unit 
of  500  net  horse-power  and  its  application  must  be  limited  to 
that  amount  as  any  departure  will  be  found  to  vary  the  results. 
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Kby  to  Tablbh  XVIir,  XIX,  XX  and  XXI. 

Style  of 
Eneine. 

A.  Simple  High  Speed  Non-Condensing. 

B.  2Simple  Low  Speed  Jfon-Oondenaing. 

<\  (Jompound  High  Speed  Non-CondenHing. 

13.  Special  Triple  Compound  High  Speed  Non-Condensing^ 

E.  Simple  High  Speed  Condensing. 

F.  Simple  Low  Speed  (condensing. 

<T.    (/om pound  High  Speed  Condensing. 

H.    Compound  Low  Speed  Condensing. 

I.      Special  Triple  (yompound  High  Speed  Condensing. 

.1.     Triple  Compound,  I/)w  Speed  Condensing. 

K.    Triple  Compound,  Low  Speed  Condensing. 

L.     Ditto,  for  probable  maximum  results. 

As  Dr.  Emery's  computations  are  made  on  net  [>ower  and 
with  coal  at  2,240  pounds  per  ton,  it  has  been  necessary  to  re- 
duce his  figures  to  indicated  horse-power  and  coal  at  2,000 
pounds  per  ton,  the  results  being  found  in  tables  xviri  and  xiz 
following.  Where  necessary  to  bring  the  items  of  expense  under 
the  same  heads,  changes  have  l>eeu  made  in  his  tables  so  that 
direct  comparison  of  items  may  be  made. 

Table  xvin  shows  itemized  costs  for  10  hour  power  per  annum 
and  in  tables  xx  and  xxi  the  totals  have  been  reduced  to  cost 


TABLE  XVIII. 

Emrry's  Tables  Rbduced  to  Indioatbd  Uokse-Powkr  and  Coai. 
AT  $3.00  PER  2,000  Lbs.     8,080  Hours  Run. 


1 

OPERATING  EXPENSE. 

1 

FIXED  CHARGES! 

1 

Total 

Style 

1 

of 

Repaint 

Inaurancet 

1 

Total. 

Coat. 

Kngine, 

Coal. 

Labor. 

and 

Total. 

Taxes  ft 

Interrst.  | 

#1970 

Supplies. 

Renewals 

$2.72 

t 

|8.6a 

A 

$4  41 

#2.73 

K'A 

I35.46 

B 

»7-34 

404 

2.20 

•.8a 

6.13        , 

8.95 

3«.6i 

C 

«5.54 

3  5» 

a.73 

n.ix 

3.58 

5.49 

8.0X 

30.1a 

D 

>4.35 

a.73 

30.76 

2.78 

6.03 
504 

8.81 

»9-S7 

E 

13  »5 

••73 

«939 

a. 33 

7.j6 
7.81 
7  57 

36.75 

F 
G 

IX. 94 
11.05 

3.3» 
3.35 

2.a8 
a-73 

17.53 
».C3 

16.18 

3  46 
a-39 

5.35 
5..6 

25.60 

H 

10  76 

3M 

a.98 

a. 50 

5-43 

7.93 

34.11 

1 

10  15 

3.10 

::8 

15.98 
I4.8* 

:8 

540 

8.0a 

34.00 

k 

9.56 

■  98 

6.11 

8.91 
9.58 

•3  75 

896 

290 

3.98 

14.14 

3.03 

6.56 

»3-7a 

L 

7SO 

336 

a.28 

13.14 

a.98 

6.45 

9-43 

28.57 

k 
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per  Lour  p6r  horse-power  in  order  to  conform  with  the  argu- 
ment of  the  writer  that  the  only  correct  safe  statement  is  cost 
per  hour  and  not  per  annum. 

TABLE   XIX. 

Emkrt's  Tablks  Reduokd  to  Indicated  Hoksb-Power  and  Coal 
AT  $3.00  PKR  2,000  Lbs.    7,300  Hours  Run. 


Style 

OPERATING  EXPENSE. 

FIXED  CHARGES 

ToUl 

• 

of 

Repairs 

Insurance. 

Total. 

L<wt. 

Engine. 

CoaU 

Labor. 

and 
Supplies. 

Total. 

Taxes  A 
Renewals. 

Interest. 

) 

A 

♦44.70 

•10.45 

#6.47 

$6i.6a 

|a.73 

#5.90 

H!! 

$70.04 

B 

39.ao 

9-57 

5.38 

54- «5 

2.83 

6.13 

fll.96 

63.x  I 
58.80 

C 

35-a«> 

O.II 

8.7a 

6.47 

50.78 

••53 
2.78 

5.49 

8.0a 

D 

32-50 

6.47 

47.69 

0.O3 

8.80 

5«.49 

E 

39.70 

®-|^ 

\% 

44  S« 

3.33 

#504 

7.36 
7.81 

-5«.«7 

F 

87.10 

7.84 

40.3a 

3.46 

5.35 

48.13 
49.06 

G 

37.10 

7.93 

6-47 

41.50 

3.39 

5»7 

7.56 

H 

I 

84.30 

7.45 

5.38 

37.«3 

3.50 

5-44 

7-94 

4507 

39.90 

7.35 

36.7a 

*|3 
3.81 

♦s-49 

8.0a 

44.74 

1^ 

a  1.64 

7.07 

34.09 

6.14 

895 

43-04  . 

ao.30 

6.85 

5-38 

3«-53 

3.03 

6.57 

9-59 

48.1a 

L 

16.93 

7.98 

5.38 

30.29 

a.98 

6.44 

9.43 

39-7« 

TABLE  XX. 

(?08T  PKR  Horse  Power  Hour,  from  Emery's  Tables. 

3,080  Hours  Run. 


Style  of  Engine. 


Operating  Expenses. .      Fixed  -Charges. 


A 

B, 

C 

D 

E 

F. 

G 

H 

I. 

{^ 

L 


).00870 

.00769 
.00719 
.0067s 
.00630 
.00570 
.00587 
.00536 
.00520 
.00482 
.00460 
.00428 


$.00280 
.00291 
.00261 
.00386 
.00339 
.00254 
.00346 
.00258 
.00361 
.00390 
.00311 
,00307 


Total  Cost. 


$.01x50 
.01060 
.00980 
.00961 
.00869 
.00834 
.008^3 
.00784 
.00781 
.00773 
.00771 

.00735 


In  a  discussion   of  a  paper  before  tlie   American   Society  of 
Mechanical  Engineers,   Mr.   Samuel  Webber  took   occasion  to 
state  the  itemized  cost  of  steam  power  as  developed  in  a  Fall 
River  yarn  mill  and  the  results  are  here  given  in  tables  xxiii 
and  XXIV  with  coal  reduced  to  $3.00  per  2,000  pounds. 

The  totals  will  be  found  to  agree  fairly  well  with  those  from 
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TABLE  XXL 

('OBT    PKK    lioRHK-PoWER,    HoUR,    FROM    EmBRY'r    TaBLBS. 

7,300  Hours  Run. 


Style  of 
Engine. 

Operating 
Expenses. 

Fixed 
Charges. 

Tout 
Cost. 

A 

B 

C 

D 

E 

F 

.00845 
.00741 
.COC95 
.00653 
.00610 

.00551 
.00568 
.00508 
.0050a 
.00466 
•00445 
.00414 

.001S3 

.00133 

.001  Zo 

.ooiai 
.ooiot 
.00107 
.00103 
.00109 
.00110 
.00133 
.00131 
.00139 

as 

.00805 

00773 
00711 

00658 
.00671 
00617 
0061a 
00589 
00576 

00543 

c; 

H 

1 

L 

Cost  of  Power,  from  Table   in  Engineering  Magazine,  by 
Dk.  Emery.     (/Oal  Reduced  to  $3.00  per  2,000  Pounds. 

3,080  Hours. 


Net 
Horse-Power. 

Coat  per  m.  p. 
per  Hour. 

Ordinary  non-condensing 

10 

75 
150 
350 
500 

$.03570 
.01396 
.01060 
.00856 
.00737 

Automatic  Cut'K>ff,  non-conidenaing 

Automatie  Cut-off«  condensing 

Compound  Condensing 

Triple  Compound  Condensing 

TABIxE  XXIII. 

Cost  of  Power  in  a  Fall  River  Yarn  Mill.    Samuel  Webber. 

Coal  Reduced  to  $3.00  per  2,000  Lbs. 


OfBITATlNG   EXPENSKS. 

Fuel 

Wages 

Repairs 

Supplies 

Total . 

FlXRD   ClIARCKS. 

Interest,  ^  per  cent 

Depreciation.  5  per  cent 
Insurance,  non  charifed. 
Taxes,  I  per  cent 

Toul 


Coat  per  h.  r. 
per  annum. 


$9.30 

3.23 

».57 
•3» 


$13.31 


$3-«5 
3.«5 


$6.6a 


$»9  93 


Cost  per  M.  p. 
per  hour. 


$.co399 
.00073 
.00051 
.00010 


$«H3» 


$.00108 

.ooioa 

•  •  •  a 

.00010 


$.ooai4 


$.00646 
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sinnlar  plants, although  uo insurance  has  been  taken  into  account; 
if  $.00007  be  added,  the  result  will  give  a  direct  comparison 
with  other  estimates. 

TABLE  XXIV. 

Cost  of  Powkb  in  Globe  Yarn  Mills,  No.  3.     Fall  Kivkk. 
Coal  Krduced  to  $8.00  pkr  2,000  Lbs.     Samukl  Webkr. 


Oprrating  Expbnsr. 
Fuel 
Wages 
Repairs 
Supplies 

Total 

-¥ 

FiXBo  Charges. 

Interest,  s^  per  cent 

Depreciation,  5  per  cent 

InMirance  none,  charged 

Taxes  1  per  cent 

Total 


Cost  per  H.  p. 
per  annum. 


$1073 

a.89 

X.69 

.40 


$15.64 


♦3.a3 
323 

•  •  •  • 

.22 


Cost  per  H.  p. 
per  hour. 


$.00349 
.00094 
.00053 
.00013 


1.00509 


$.00105 
.00105 


$.oooix 


$93.42 


$.00790 


Table  xxv,  gives  the  result  of  a  test  made  by  Mr.  K.  S.  Hale, 
expert  for  the  Steam  Users  Association  of  Boston.    Although 

TABLE  XXV. 
Cost  of  Powkr  in  a  Large  Cotton  Mill.     R.  S.  Hale,  Boston. 

Coal  Reduced  to  $3.00  per  2,000  Lbs. 


Cost  per  H.  I', 
per  annum. 

Cost  per  H.  P. 
per  hour. 

Oprrating  Expensks. 

Fuel 

Wages 

Repairs 

Supplies 

$6.92 

2.51 

•50 

•45 

$.00913 
.00084 

.00017 
.00015 

Total 

$10.38 

$2.90 
3.40 

.92 
.69 

$.00349 

FiXBD  Charges. 

Interest , 

$.00097 
.00081 
.00007 
.00093 

Denreciation • 

Insurance 

Taxes 

Total 

$6.2 1 

$.00908 

$16.59 

$.00557 
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the  actual  result  was  somewhat  higher  than  here  shown,  owing 
to  a  higher  price  of  coal :  the  result  with  coal  reduced  to  the 
common  standard  is  seen  to  he  very  low. 

One  of  the  plants  instanced  in  a  paper  by  Mr.  May,  before  the 
American  Society  Mechanical  Engineers,  was  the  pumping 
engine  of  the  North  Point  j)lant  of  the  Milwaukee  water  works. 
As  mentioned  in  a  previous  paragraph,  it  is  not  quite  fair  to 
compare  water  works  plants  with  those  used  for  other  purposes, 
as  the  fixed  charges  are  almost  always  high,  and  the  labor  neces- 
sary for  the  safety  of  fire  service,  etc.,  is  higher  than  in  ordinary 
plants.  Still,  as  this  plant  was  at  the  time  the  most  economical 
steam  machine  in  use,  it  is  thought  best  to  include  it  here.  The 
net  cost  is  seen  to  be  well  within  limits  of  other  estimates  and 
is  even  lower  than  usual,  owing  probably  to  the  fact  of  exceed- 
ingly high  duty.  If  figures  were  obtainable,  it  would  be  very 
interesting  to  compare  the  results  shown  in  table  xxvi  with 
similar  costs  on  the  Chestnut  Hill  pumping  engine  built  by  Mr. 
Leavitt,  which  has  since  surpassed  in  economy  tlie  North  Point 
engine. 

TABLE  XXVI. 

('08T  FOR  Year  1892  of  Running  Pumping  Engines  at  North 

Point  Plant  of  the  Milwaukee  Water  Works. 

Coal  Reduced  to  $8.00  per  2,000  Pounds. 


1 

1 

t 

Co«t  for  the  Year. 
6,980  Hours. 

Cost  per  M.  p. 
per  annum. 

•«6  54 
19.66 

.74 
«-35 

6.47 
5.17 

Coat  per  h.  i-. 
per  Hour. 

1 

IOpkratimg  Expknsk-s  : 

,     Fuel 

Wages 

Repair* 

1     Supplies 

$9.a66.88 

10,680.00 

414.00 

754.00 

$3i.»i4.S8 

3.625.00 
3.900  00 

$.00937 
.oo«73 
.00011 
.00019 

1 
1 

iPiXBU  Cmarces: 
{     Interest—^  per  cent,  on  $73,500. 
Depreciation— 4    per   cent,    on 

%T2,VXi 

$.00540 

.00093 
.00074 

1 

$6,525.00 

$11.64 

$.00167 

Total  Cost   

$37,639.88 

1 

^      .   .              J 

In  a  paper  read  before  the  New  York  meeting  of  tlie  American 
Society  of  Mechanical  Engineers,  and  published  in  volume  XI, 
of  its  TransactionSy  Mr.  Chas  T.  Main  of  I^wrence,  Maaa.  Ivw^ 
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TABLE  XXVII. 

Cost  of  Steam  Power  per  Annum. 
From  Tables  of  Chas.  T.  Main,  Lawrence,  Mass. 


i,ooo  H.  P.  Engines. 


I    Coal  $3.00 
'  per  a  000  lbs. 


Compoand 

Conaensing . . . . 
High  Pressure. 


$8.a8 
II  83 
14.30 


Wages. 


#3.48 
3.54 
3.85 


Repairs. 

Supplies. 

$1.17 
1. 16 
1.17 

$0.77 
.68 
.63 

Total 
Operating. 


•»3  70 
17.8O 

»9-34 


1,000  H.  r.  Engines. 


Compound.... 
'Condensing... 
High  Pressure. 


Interest.      Depreciation 


$3.93 
3.89 
3.93 


Total  Cost  per  h.  p.  per  Annum.     (308  Days.) 


i,ooo  H.  P.  Engines. 


Compound 

Conaensing..., 
High  Pr.  ssure. 


Operating. 


$13.70 
17.20 
19.84 


Fixed. 


$6.36 
6.36 
6.49 


Total. 


$30  06 

2358 

26.33 


TABLE  XXVIII. 

Cost  of  Steam  Power  per  Hour  per  Horse-Power. 

3,157  Hours.    From  Tables  of  Ciias.  T.  Main,  Lawrence,  Mass. 


1,000  H.  P.  Engines. 

Coal  (g^  $3.00 
pera,ooolbs. 

$.00262 
•00375 
•00459 

Wages. 

Repairs. 

Supplici 

(. 

Toul 
Operating. 

Compound 

Condensing 

$.00113 

.OOtI3 
.00133 

$.00037 
.00037 

.00077 

$.00024 

.00022 

♦•00435 
00546 
.00629 

High  Pressure 

.00030 

"a  nee. 

1,000  H.  p.  Engines. 

Interest 
5  per  cent. 

De 

preciation 

Insui 

Taxes. 

Total 
Fixed. 

_ 

$.oo9oa 

Compound 

$.00093 
.00093 
.00093 

ft.00080 

$.00008 
.00008 
.00008 

$.00021 
.0003 I 

Condensing 

.00031 
.oo«33 

H  ish  Pressure 

.0003 1               .00905 

Totai.  Cost  per  Horse-Power  per  Hour. 

z,ooo  H.  p.  Engines. 

Operating. 

Fixed. 

Total. 

Comoound • 

$.0043^ 
.00546 
.00630 

$.00302 

%. 00699 

Condensing 

.00303            i            .ooritS           1 

Hiirh  Pressure 

.0030C 

.txA-xi.          1 

-^         1 
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developed  to  a  most  in te resting  degree,  the  cost  of  steam  power 
for  various  costs  of  coal  and  where  the  exhaust  from  engines 
is  used  in  varying  quantities.  He  has  divided  the  engines  into 
three  types  or  classes,  ?.  e.,  compound,  condensing  and  high 
pressure,  which  are  the  three  types  most  used  in  his  locality, 
which  is  largely  a  centre  for  the  manufacture  of  textiles.  He 
has  also  stated  the  costs  for  engines  of  500,  1,000,  1,500  and 
2,000  horse-power  capacity  for  each  type  and  the  results  arc 
very  interesting,  but  too  elaborate  to  be  included  in  full  in  this 
paper. 

I  have,  however,  in  tables  xxvii  and  xjcviii  assembled  the  unit 
costs  for  the  various  items,  reducing  the  item  of  coal  to  the 
standard,  for  an  engine  of  1,000  horse-power  of  the  three  types, 
and  with  no  exhaust  steam  used ;  in  the  first  table,  for  the  year, 
and  in  the  secon«l,  per  hour;  the  results  will  be  found  to  agree 
fairlv  well  with  others. 

TABLE   XXIX. 

Comparison  of  Different  Estimates. 
Large,  Compound  C/Ondensincj  Engines. 

Cost  per  H.  p. 
per  flour. 

Emery,  A.  I.  E.  E.,  for  3,080  hours,  tal»le  xx $.00784 

Emery,  A.  I.  E.  E..  for  7.090  hours,  table  xxi 00617 

Emery,  Eng.  Magazine,  3.080  hours 0«  856 

Webber,  «50  h.  p..  3.080  hours,  tai.le  xxiv «»0720 

Webber,  1,060  h.  p.,  3,080  hours,  Uble  xxni 00646 

Hale,  2,985  hours,  table  xxv 0"557 

Main,  8,<»80  hours,  table  xxvin .00637 

Foster,  average,  3,080  hours,  table  xv 008*34 

Averageofall $.00705 

(•ONCLU  signs. 

The  writer  has  attempted  in  various  ways,  to  group  the  fore- 
<j;oiug  tubles  for  comparison  with  each  otlier,  but  gave  up  the 
attempt  as  hopeless,  witli  the  exception  of  the  class  of  large  com- 
pound condensing  engines  used  so  generally  in  the  large  mills  of 
the  east;  tal)le  xxix  shows  the  comparison  of  costs  per  hour  as 
developed  in  the  various  tables  in  this  class  of  engine,  and  al- 
though as  j)reviously  stated  by  the  writer,  the  avei*age  is  hardly 
to  be  depended  on  for  use  in  careful  estimates,  an  average  has 
been  comj)uted  of  the  costs  by  different  estimaters  and  is  seen 
to  be  $.00705  per  horse-power  per  hour.  The  especial  |>oiDt 
the  writer  desires  to  biing  out,  is  the  widely  varyiug  costs  here 
shown ;  take  for  instance  Mr.  Ilale's  of  $.00557  as  compared 
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TABLB  XXX. 

CoiiPABisoK  OF  Cost  of  Power  pkk  Annum. 

Bt  Various  Types  of  Engines.     Coal  at  $3.00  pkr  2,000  Lbs. 


Type    of  F.Dgine  and  Number  of  Plant. 


Slow  Speed  Non-Condensing i 

3 

5 

8 

i6 

Z3 


*t 
t* 
t» 
it 
i> 
It 
ti 


*t 


>i 

•  ( 

t4 

•  t 
I. 
tl 
It 


Emery B 

»»      B 

Main XXVIIl. 


High  Speed  Non-Condensing 14 

tt  K  t*  . 

«t  «t  tt  .IS 

tt  t»  t.  ._ 

•'        •*  "  Emery  Eng.  Mag.... 

.t         tt  tt  tt         tt        I. 


»t 


tt 
It 


It 
it 


tl 

•  t 


tt 


It 
II 


Combination,  Slow  Comp.  Cond.  High  Speed 

Non-Cond 6 

Combination,  Slow   Speed  Comp.  Cood.  and  j  19 
Dbl.  Cond ♦  ao 

Compound  High  Speed  Non-Cond.     Emery. ...    C 
It  tt  tt  tt  It  ('^ 

Compound  High  Speed  Conden.ning.     Emery..   G 
».  t*  tt  ..  *'       ..  G 

Triple  Comp.  High  Speed  Non-Cond.     Emery.  D 

tl  It  tl  It  tt  »h  T\ 


Triple  Comp.  High  Speed  Condensing. 


tt 


I 


Slow  Speed  Condensing a 

Emery F 

••       F 

'•      Main XXVlII. 


tt 
tt 


II 


It 
It 
It 


High  Speed  Condensing. 


II 


tl 

It 


II 


Emery E 

•'      E 

**      Eng.  Mag 


II 
.1 
It 
tt 
It 
It 
(I 
tl 
II 


11 

tt 

It 

t 

•I 

It 

It 

tt 

It 


t  • 
li 
(I 
It 
tt 
tt 
tl 
<t 
tl 


Slow  Speed  Compound  Condensing 7 

•  t  tt  >l  It  -Q 

'*                '....'.'.  ...v..  21 
22 

Emery H 

•'       H 

'^  Emery  Eng.  Mag. . . 
"  Webber.... XXTl I. 

•♦      XXIV. 

'»  Hale XXV. 

•'  Main XXVIIl. 


Slow  Speed  Triple  Comp.  Condensing 17 

"  '•  Emery J 

II  It  (I  i>  tt         tl  r 


II 
tl 

It 


It 

tt 
tl 


It 
>t 
It 


It 
tl 
11 


1% 
t. 


It 
1. 


Eng.  M  ag 


Water  Works  Pumps.    Compound  Cond 9 

, 10 

•'    ...'.XXVl 


II 
«i 
II 


I. 
tt 
t» 


tl 

II 


I' 
•I 


tl 
i> 


Triple  " 


it 


297 
59 

32 
X39 
187 

1,000 

21 
13 

31 
53 
10 

75 
542 
542 


2,42a 

1,910 

542 

54  a 

543 
542 

543 
54a 

54a 
54a 

211 

556 

5S6 

1,000 

542 
54a 
150 

1 1 146 

926 

1  279 

I  oil 

556 

S56 
250 

1,050 

6so 

•   •   •   • 

1,00 ) 

i.*75 
556 
556 
556 
556 
500 

1.35a 
37 
4a 

560 


Cost  i'ek  11.  p.  per  An.num. 


157.86 

'75*3 
25.38 

44.54 

73- »5 
36.50 

26.84 

74.02 


70        137.79    i    ao.76 


aa.i' 
60.88 

18.03 
49.76 

20.7:5 
57.1a 

>5  93 
43.98 

68.87 

«7  53 
48.27 

16.82 

19.33 

53-44 
36.65 


39.86 
165.30 
100.65 

47  30 


8.81 
8.80 


29.41 

96.70 

63  ao 

11.64 

3.080 

8.750 

Hours. 

Hours. 

•  ■  •  • 

$79  73    1 

•  •  •  • 

«5«.37    1 

10O.04 

•  •  •  •        1 

30.7a 

•  •  •  •        1 

33.67 

•  •  •  • 

94.53 

....    ' 

33.61 

•  •  •  •        ' 

•  •  •  • 

73  87    ! 

25.86 

....     1 

1 

•  •  •  • 

18628    1 

200.53 

■   •   •  •         1 

31.31 

•   •   •   • 

64.05 

•  •   •  • 

79.16 

•   •   •   • 

43.or 

•   •  •   • 

3546 

•   •   •  • 

•  ■  •  • 

82.64 

•  «  •  • 

158.55 

30.90 

•   •  •   • 

33.96 

•   •  •   • 

30.12 

•   ■  •  • 

•  «  •  • 

6890 

35.60 

•   •   •   • 

•  •  •  • 

57.3a 

29.57 

•   •  •   • 

•    •    •    ■ 

6592 

34.00 

•  ft   •   • 

•  •  •  • 

5a.«> 

•  •  •  • 

76.75 

25.34 

«  •  •  • 

•  •  •  • 

s6o8 

33.18 

•  •  •  • 

1 

36.-75 

....    1 

•  •  •  • 

60.80 

32.65 

•  •  •  • 

37.17 

•  •  •  • 

1 

a.<.54 
18.98 
23.82 
34.11 

•  •  •  • 

i  26.36 
1993 
I  23.46 
1  16.96 
I     19-76 

:      15.29 

■      2375 

,        .... 

22.57 


■    ■   •    ■ 


22.39 


52.44 


49.77 

•  •  •  • 

45.69 


69.17 
a6i.oo 
16385 

58.94 
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witli  Dr.  Emery's  of  $.00856  or  the  writer's  of  $.00824,  the  two 
last  are  seen  to  exceed  the  first  bj  about  50  per  cent,  a  variation 
which  the  writer  argues  does  not  permit  of  stating  average  costs 
for  general  use.  And  finally,  in  order  that  the  report  may  be 
of  more  practical  value,  the  results  have  in  table  xxx  been  as- 
sembled and  reduced  to  cost  per  horse-power  per  annum,  for 
ten  hours  per  day  for  308  days,  and  for  24  hours  per  day  for 
365  davs. 

The  first  column  gives  the  type  of  engines,  with  the  number 
of  the  plant  from  the  tables ;  next  the  amount  of  power  devel- 
oped, as  showing  the  size  of  the  plant;  then  operating  and  fixed 
expense;  and  in  the  last  two  columns,  the  total  cost  per  annum 
for  3,080  hours  and  8,760  hours. 

This  table  allows  a  direct  coinparison  of  different  plants,  and 
different  authorities. 
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Discussion. 

The  Pbksident: — This  subject  is  one  upon  which  we  are  very 
dependent,  and  it  is  as  Mr.  Foster  says,  one  that  you  can  get  aU 
sorts  of  figures  for.  They  are  chieHy  based  upon  what  people 
think  they  are  doing,  and  the  paper  is  particularly  valuable  as 
being  intended  to  give  the  facts  as  they  actually  are.  In  my  own 
experience,  I  have  heard  of  cases  where  power  was  supposed  to  be 
generated  at  a  very  low  figure,  but  as  a  matter  of  lact,  it  was 
costing  a  great  deal.  Mr.  Foster  has  devoted  considerable  time 
as  well  as  intelligent  effort  to  reachinfi:  the  real  results.  The 
paper  is  open  for  discussion. 

Dr.  Perrine: — I  would  like  to  further  emphasize  one  fact, 
to  which  Mr.  Foster  calls  attention  and  to  which  he  apparently 
attaches  a  good  deal  of  importance,  namely,  that  of  the  results  of 
the  plant  Ko.  17.  In  spite  of  the  fact  that  it  was  one  of  the  best 
equipped  plants  mechanically,  and  used  expensive  coal,  the  cost  of 
borse  power  was  but  little  less  than  obtained  with  another  plant 
using  a  poorer  quality  of  coal ;  and  in  this  is  involved  a  questioil 
of  the  method  of  testing  fuel  in  order  to  arrive  at  a  definite  con- 
clusion as  to  what  coal  should  be  used  in  any  particular  plant. 
At  one  time— and  I  think  it  still  exists  somewhat — there  was  a 
tendency  to  throw  doubt  on  the  value  of  calorimeter  tests  of  coals. 
The  mechanical  engineers  as  a  rule  say  that  this  is  not  the  best 
test  of  coal,  but  that  the  best  test  of  any  particular  coal  is  by  fir- 
ing under  the  boilers,  and  seeing  what  result  can  be  obtamed. 
That  is,  of  course,  nothing  more  than  the  arriving  at  the  result 
that  the  fireman  can  handle  a  particular  coal  better  than  he  can 
handle  another  coal,  but  that  does  not  say  at  all  whether  better 
economy  might  not  be  ()l)tained  by  disclmrgin*^  that  fireman  and 
getting  a  new  man,  or  by  introducing  mechanical  hJtokers,  or  some 
means  of  using  a  different  (juality  of  coal. 

As  regards  the  question  of  the  heat  units  contained  in  a  pound 
of  coal,  L  think  there  is  far  less  difference  between  the  poorest 
coals  ordinarily  in  the  market  and  the  best  coals.  This  I  know 
was  bronoht  out  in  a  paj)er,  1  think  before  the  British  Institution 
of  Electrical  Engineers — at  any  rate,  before  one  of  the  British 
societies,  on  the  cost  of  steam  power.  I  cannot  recall  at  the 
present  time  the  date  of  the  pa])er  or  even  the  author,  but  I  re- 
member that  in  the  discussion,  in  which  engineei-s  had  given  the 
cost  of  operating  a  number  of  different  electric  plants,  one  engi- 
neer gave  an  example  of  his  own  plant  in  which  he  was  using  a 
cheap  grade  of  coal,  and  by  which  he  claimed  that  he  was  obtain- 
ing very  high  efficiency.  The  statement  was  made  that  he  was 
using  a  particular  quality  of  slack,  giving  not  more  than  about 
9,000  heat  units  per  pound  of  coal,  and  as  it  was  about  one-half 
the  best  that  can  be  obtained,  there  was  quite  a  margin  of  loss  of 
efficiency,  which  might  be  accounted  for  by  the  coal.  He  had 
not  made  any  calorimeter  tests,  but  arrived  at  this  value  of  the 
heat  units  in  the  method  that  a  great  many  engineers  had  arrived 
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at  it,  hy  guesswork.  It  happened  that  the  particular  quality  of 
coal  used  by  this  engineer  nad  been  tested  by  the  author  of  the 
paper,  and  in  place  of  being  low  in  heat  units,  it  was  reasonably 
high.  Instead  of  being  9,(H>0  heat  units,  it  was  13  to  14,000,  and 
in  place  of  the  plant  being  economical  on  the  basis  of  the  coal 
used,  it  was  not  economical  on  the  basis  of  the  coal  used ;  and 
this  shows  the  effect  of  tliat  class  of  rough  and  ready  tests.  Most 
of  our  economy  of  electrical  machinery  has  been  reached  through 
the  fact  that  electrical  engineers  ai-e  not  content  with  guessing  or 
assuming  the  efficiency  of  their  plants,  but  actual  tests  of  effi- 
ciency are  made  of  a  scientific  charac^ter,  and  when  these  results 
are  obtAined,  electriciatis  have  .sufficient  faith  in  their  results  to 
rely  upon  them,  and  the  introduction  of  this  same  scientific 
spirit  into  the  question  of  coal  handling  is  one  that  has  done  a 
great  deal  in  this  conntrv  towards  decreasing  the  cost  of  steam 
power,  and  as  the  methods  of  the  scientist  are  extended,  it  will 
do  a  ij^reat  deal  more.  The  fact  is,  in  the  neighborhood  of  Chicago 
most  of  tiie  meciianicAl  engineers  have  finally  ascertained  that  of 
the  coals  they  can  get  there,  the  lowest  priced  coal  is  in  general 
the  coal  which  gives  the  cheapest  steam  power.  But  that  does 
not  say  that  in  any  particular  plant  the  lowest  price  coal  neces- 
sarily gives  the  cheapest  steam  power,  because  if  we  have  a  plant 
designed  for  anthracite  coal,  we  cannot  economically  burn  bitu- 
minous black  on  the  grate  ban? ;  but  if  at  any  particular  locality 
bituminous  slack  is  the  cheapest  coal  to  buy,  then  the  most  econ- 
omical plant,  as  a  rule,  will  be  the  plant  which  is  built  and 
adapted  for  that  low  priced  coal.  While  Mr.  Foster  does  not 
insist  on  this  fact  particularly,  nevertheless  his  experiments  with 
this  plant  JSo.  17  show  that  the  choice  of  coal  gives  a  tremendous 
basis  for  a  change  in  the  price  of  the  steam  power.  In  this  par- 
ticular plant.  No.  17,  a  cheaper  coal  might  give  a  lower  efficiency, 
but,  nevertheless,  had  the  same  care  been  used  in  designing  the 
furnaces  as  was  apparently  used  in  the  rest  of  the  plant,  it  seems 
from  the  results  of  neighboring  plants  that  a  lower  steam  cost 
would  have  been  obtained  by  the  use  of  a  cheaper  coal,  for  other- 
wise there  is  apparently  no  result  from  the  care  with  which  the 
general  machinery  of  tlie  plant  has  been  chosen.  In  all  of  this  I 
mean  to  insist  that  we  are  necessarily  to  apply  and  rely  upon  the 
scientific  methods  of  tests  in  every  part  of  a  plant  in  which  we  use 
our  electrical  machinery,  and  the  rough  and  ready  test  of  the 
every  day  mechanic  is  no  more  to  be  relied  upon  in  the  choice  of 
fuel  than  it  would  be  relied  upon  in  the  choice  of  a  dynamo  ma- 
chine. 

The  Skcretaky: — One  of  the  interesting  facts  in  connection 
with  the  great  development  of  steam  power  is  that  of  the 
changes  in  prices  of  coal  and  the  quantities  of  each  size  brought 
to  market,  due  to  the  demand  that  has  grown  up  for  smaller 
sizes  through  their  coming  into  use  gradually  on  account  of 
their  cheapness.     Perhaps  a  case  that  will  l)e  known  to  most  of 
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you  is  that  of  the  difference  between  ordinary  stove  coal  and 
chestnut  coal.  Chestnut  coal  was  formerly  cheaper  at  retail  than 
«tove  coal,  but  in  use  it  was  found  that  for  many  reasons  chest- 
nut was  more  desirable,  and  so  gradually  the  price  was  raised 
until  the  retail  price  of  chestnut  is  now  the  same  as  that  of  stove 
eoal.  Then  again,  there  has  been  a  lot  of  coal  piled  up  iu 
culm  heaps  that  formerly  was  considered  good  lor  nothing. 
Pea  coal  was  brought  into  market  iu  1S67,  and  m  1876  buckwheat 
coal  was  introduced.  There  is  also  rice  coal,  although  the 
latter  is  used  for  fuel  only  at  the  mines,  and  that  coal  has 
recently  had  a  market  price  of  its  own ;  whereas,  years  ago  it 
could  not  be  given  away.  We  all  know  that  thei*e  are  certain 
goods  and  valuables  that  bear  transportation  better  than  others^ 
and  on  account  of  high  freights  I  would  like  to  ask  Dr.  Perrine, 
about  the  kind  of  coal  that  is  used  in  California.  We  know  that 
they  use  a  certain  amount  of  anthracite.  That  has  to  be  brought 
from  long  distances  and  we  can  all  well  understand  that  there 
are  certain  grades  of  coal  which  it  is  economical  to  use  only  near 
the  mines,  and  where  there  is  no  cost  for  transportation,  iiut  if 
vou  have  to  carry  that  coal  a  great  way,  of  course  the  freight  on 
it  is  as  much  as  it  would  l)e  on  a  better  class  of  coal.  Conse- 
quently, it  appears  to  me  that  the  practice  in  different  localities 
would  show  that  it  is  only  the  best  cx>al  that  can  be  transported 
and  used  economically. 

As  a  matter  of  record  it  might  be  well  to  quote  here  a  table 
prepared  by  Wm.  McClave,  of  Scranton,  and  included  in  a 
paper  read  by  him  at  Philadelphia,  January  9th,  1896,  before 
the  "Anthracite  Coal  Operators  Association."  He  take«  the 
best  bituminous  or  anthracite  as  a  standard. 

Table  of  Rblativk  Valuks  by  Percextaok. 

To  eqiuU  Anth. 

Egc,  Add  to 

each  ton. 

Bituminous  Coal.     pr<x>d  quality lOOjt 

Slack,        •         90^      mrr 

Anthracite  Steamboat,     "            95jt  5.8% 

Broken,          •              97%  3.1% 

Egg.               *•            10<»% 

Stove,             ••              100% 

Chestnut,       **            lOOj? 

•*          Pea,  well  cleane<l  and  of  good  quality 95jt  5.3>' 

'*          Pea,  mixed  with  bone  and  slate 90%  ll.H 

Buckwheat  No.  1 ,  good  quality 98%  7.5% 

No.  2,           •'         *    85%  17.6% 

No.  8.           *•            83%  20.5% 

Culm  No.  1,  niixe<l  with  *20^isoft  coal  slack 

good  quality 83%  20.5% 

Culm  No.  2,  mixed  with  20%  soft  coal  slack, 

goodqualitv 77%  29.9% 

Culm  No.  1  (alone),  good  qualitv 75%  33.4% 

"     No.  2  (alone),            •'        '    70%  42.9% 

It  can  hardly  be  expected  that  such  figures  can  be  exact  under 
the  varying  conditions,  but  tliey  were  obtained  in  actnal  practice. 
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Dr.  Perrine  : — TLe  practice  in  steainiD^  in  California  is  very 
bad,  and  it  is  largely  for  this  reason  that  tne  coal  dealers  are  the 
only  steam  makers.  The  coal  is  purchased  in  California  for  the 
'electric  railroads  and  power  plants  on  the  basis  of  the  production 
of  pounds  of  steam  per  hour.  The  coal  is  entirely  paid  for  by  the 
thousand  pounds  of  dry  steam  produced.  The  coal  dealer  has  the 
option  of  using  his  own  firemen  or  using  the  firemen  belon^ug 
to  the  company  he  is  supplying.  Of  course  in  either  case  the 
company  supplied  pays  the  wages  of  the  men,  but  the  coal  dealer 
may  take  entire  charge  of  the  fire  room  ;and  hire  the  employes, 
or  ne  may  simply  have  a  representative' there.  The  best  coal  that 
we  get  out  there,  the  coal  which  has  the  highest  calorific  power, 
is  Welsh  anthracite,  which  is  obtained  by  the  largest  dealers  at 
about  $6.00  per  ton.  I  paid  $11.00  a  ton  for  it,  and  I  can  get  a 
lower  grade  of  bituminous  for  $lo.5o.  But  the  largest  dealers 
can  obtain  a  lower  grade  of  bituminous  coal  at  about  $4.50  a  ton, 
but  no  coal  could  be  had  in  California  for  less  than  about  $4.50 
a  ton  by  the  largest  dealers,  and  those  are  people  who  charter 
their  own  ships  and  bring  in  coal  by  the  shipload.  The  most  of 
our  bituminous  coal  comes  from  Australia  and  our  anthracite  coal 
comes  from  Wales.  There  is  verj'  little  Pennsylvania  anthracite 
used.  That  has  to  come  overland  and  costs  from  $11.00  to  $12.00 
per  ton.  Some  people  who  are  very  particular  and  want  good 
hard  coal  buy  it.  One  would  expect  that  these  men  would  work 
out  thoroughly  the  l>est  possible  grates  and  the  best  possible 
methods  of  handling  coal,  but  the  greatest  advance  they  have 
made  consists  simply  in  bringing:  from  the  l)oiler  a  steam  jet  to- 
serve  as  a  blower  to  the  fire.  That  serves  not  only  as  a  blower, 
but  gives  a  fiame  to  this  Welsh  anthmcite  coal  which  it  does  not 
possess  without  that  agency.  Only  recently  have  sc>me  few  of 
the  younger  engineers  made  careful  tests  with  change  of  grate- 
bars  and  the  use  of  the  cheaper  coals,  and  up  to  the  present  time 
fthey  have  not  obtained  very  good  results  l^ecause  the  manufac 
turcrs  are  slow  to  see  that  the  experiments  mav  result  in  any  great 
advantage.  They  buy  steam,  not  coal,  and  \h&y  are  reasonably 
satisfied  with  the  price  that  the  steam  costs  them,  so  they  are  not 
willing  to  put  much  money  into  change  of  furnaces,  especially  as 
the  coal  is  controlled  by  a  very  close  combination,  and  they  do 
not  know  but  that  if  thev  should  irenerallv  introduce  bituminous 
coal  of  H  low  grade,  that  then  the  bituminous  coal  of  a  Iom'  grade 
would  be  held  at  the  same  price  as  the  anthracite  of  a  high  grade. 
Furthermore  there  is  hesitancy  on  account  of  the  fact  that  the 
low  grade  bituminous  coal  comes  from  Alaska  and  Washington, 
with  which  there  are  comparatively  no  return  freights,  so  that  while 
wc  can  bring  a  little  coal  down  from  that  country  cheaply,  if  we 
+<lH)uld  have  to  carry  a  great  amount  of  coal  it  would  mean 
freights  only  in  one  direction  and  the  freight  rates  would  run  up. 
The  coal  is  brought  in  the  wheat  vessels.  A  good  deal  of  our 
flour  goes  to  Australia  and  a  great  deal  of  our  wheat  goes  to 
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England.  The  whole  stock  of  California  coal  cornea  into  the 
State  during  the  antumn,  when  the  wheat  ships  are  arriving  for 
their  fall  cargoes,  and  these  combined  elements  have  held  the 
question  of  consumption  at  one  point  for  a  great  many  years,  and 
as  I  say  have  directed  steam  users  to  the  economic  value  of  the 
very  best  coal  that  we  can  get,  which  is  really  a  better  coal  than 
many  coals  you  get  here  on  the  Atlantic  coast.  I  do  not  think 
there  is  any,  except  possibly  the  gas  coal  that  you  have  here  in 
the  east,  that  has  as  high  calorific  power  as  the  Welsh  coal. 

Prof.  R.  B.  Owens  : — I  feel  that  one  of  the  test  directions  in 
which  electrical  engineers  can  direct  their  efforts  is  in  inducing  the 
owners  of  small  electric  light  and  power  plants,  to  keep  a  contin- 
uous coal  and  water  record.  Of  course  it  is  done  in  our  large  plants 
and  in  a  few  isolated  ones.  For  instance,  in  the  Board  of  Trade 
plant  in  Chicago,  a  continuous  record  of  water  and  coal  is  kept  and 
averages  are  obtainable  which  it  is  impossible  to  get  in  two  or  three 
ten-hour  tests.     Coals  of  all  kinds  are  tried,  and  the  number  of 

Eounds  of  water  evaporated,  under  standard  conditions,  per  dol- 
ir's  worth  of  coal,  is  obtained,  which  is  really  the  only  proper  way 
to  express  the  value  of  coal,  or  any  other  fuel  used  for  steam  gener- 
ation. In  some  of  our  large  lighting  plants,  the  cost  of  coal  is  now, 
I  believe,  less  than  the  lamp  breakage.  It  has  come  to  be  one  of 
the  smallest  items  of  expense ;  whereas,  in  smaller  lighting  plants 
in  interior  towns,  it  is  more  than  one-third  the  total  expense  of  op- 
eration. In  these  latter,  therefore,  the  coal  pile  must  be  watched 
with  especial  care,  but  as  I  said  before,  very  little  of  value  is  ob- 
tained by  short  runs.  For  instance,  it  isj^ossible  to  get  from  New 
Kiver  coal,  an  evaporation  of  18  pounds,  from  and  at  i?12,  under 
proper  conditions  of  firing.  Captain  Jones  of  Chicago,  formerly 
of  tne  Navy,  last  year  made  a  test,  using  New  River  coal,  of  a  well- 
known  water-tube  boiler  fitted  with  a  good  automatic  stoker,  and 
after  three  or  four  preliminary  trials,  actually  got  13  pounds — 
13.1  pounds  evaporation,  I  think  it  was,  from  and  at  212.  N« 
such  record,  however,  has  ever  been  made  under  the  ordinary  con- 
ditions of  continuous  service,  or,  is  likely  to  be. 
A  Member  : — 1 8  that  j^er  dollar's  worth  of  coal  'i 
Prof.  Owens:— No,  per  pound.  It  simply  sliows  that  short 
tests  amount  to  very  little.  It  is  only  when  records  are  kept  ex- 
tending over  months  and  i)erhaps  years  that  anything  of  real  vahie 
can  be  obtained. 

Mr.  Dou(;lass  liVRNETT: — Before  we  change  the  subject,  I 
wish  to  say  that  Mr.  Foster  has  my  own  personal  and  hearty 
thanks  for  the  great  care  that  he  lias  evidently  bestowed  in  fish- 
ing out  a  lot  of  information  which  is  certainly  valuable — extremely 
valuable — and  I  think  that  one  of  the  aims  of  the  Institute  should 
be  to  combine  the  science  with  the  commercial  side,  and  I  believe 
that  in  this  respect  Mr.  Foster's  paper  is  perhaps  the  best  paper 
that  I  have  heard,  because  he  combined  what  we  are  taught  in 
our  colleges,  the  work  that  we  do  in  connecti(»n  with  our  mechan- 
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ical  engineering,  with  the  results  obtained  in  commercial  practice. 
I  have  encountered  personally  some  of  the  difficulties  that  Mr. 
Foster  has,  and  I  know  that  when  he  is  able  to  suunnarize  22 
cases  in  which  he  can  get  accurately  at  the  cost  of  power  he  has 
done  a  erreat  deal  of  work.     lie  has  my  i)er8onal  thanks. 

Mr.  W  .  H.  KiPLEY : — In  regard  to  what  Prof.  Owens  says  about 
the  importance  of  keeping  a  close  record,  I  noticed  on  Long  Island 
a  cou])le  of  years  ago,  where  a  plant  was  started,  there  was  a  large 
supply  of  coal  on  hand  in  the  yards.  The  coal  was  of  very  good 
quality  and  high  cost,  and  the  plant  was  started  on  that  coal.  The 
engineer  in  charge  was  a  man  of  a  great  deal  of  exixjrience,  and 
had  studied  a  good  deal  besides  his  actual  firing  work.  When  the 
supply  gave  out,  the  directors  of  the  company,  who  were  not  very 
far-seeing  people  anyway  and  had  all  ah^ng  been  complaining  of 
the  price  of  coal,  got  a  chance  to  buy  a  quantity  of  very  much 
cheaper  coal — that  is  what  they  looked  at,  the  price  of  it ;  and 
this  man  had  been  keeping  very  careful  records  of  the  evapora- 
tion per  pound  every  day,  and  he  made  a  weekly  summary  and  a 
monthly  report  to  the  company,  and  kept  track  of  the  percentage 
of  ash.  The  percentage  of  ash  in  the  coal  they  started  with  was, 
1  believe,  about  8i  and  with  this  cheaper  coal  the  ash  was  over  18 
j>er  cent.  After  over  two  months  of  talk,  presenting  the  matter 
to  those  director  who  were  mostly  residents  there,  we  finally  con- 
vinced them  that  they  w^ere  getting  a  smaller  amount  of  steam, 
and  that  the  increased  amount  of  ash  just  about  balanced  the  dif- 
ference in  price  in  the  coals,  but  it  tooK  a  long  while,  audi  think 
that  is  an  example  of  the  difficulties  that  men  in  charge  of  steam 
plants  have — that  managers  or  purchasing  agents  look  at  the  cost 
of  the  coal  alone,  and  unless  some  ver\'  careful  record  is  taken  it 
is  almost  impossible  in  some  cases  to  make  any  improvements  in 
the  cost  of  the  steam. 

The  Prksidknt  : — If  the  discussion  is  over,  there  will  be  some 
announcements. 

Miss  Farmkr: — I  have  a  telegram  which  should  have  been 
received  on  ifonday,  July  20th,  which  I  will  read  : 

Miss  Sarah  J.  Farmer. 

"  I  regret  exeeedingly  that  recent  absence  abroiul  and  urgent  business  engage- 
incuts  since  my  return  have  prevented  the  preparation  of  my  intended  paper  on 
electric  railways,  and  to  my  great  disappointment  I  am  also  denied  the  privilege 
of  aiteiiding  the  meeting  of  the  American  Institi'te  of  Electrical  Engineers 
at  the  noble  memorial  you  have  established  to  the  memory  of  your  distinguished 
father. 

•  1  am,  however,  with  you  in  spirit,  and,  furthermore,  by  a  coincidence  which 
I  hope  mav  prove  an  auspicious  augurv.  this  day,  the  fiftieth  anniversarj'  of  the 
first  exhibition  at  Dover  by  Moses  G.  farmer  of  the  movement  of  a  car  by  elec- 
tricity, has  seen  the  inauguration  and  first  public  demonstnition  of  an  electric 
train,  proi)crly  sneaking,  that  is,  one  in  which  each  car  is  individually  equipoed 
with  motors  ana  all  are  electrically  controlled  from  any  desired  ixJint.  Ihis 
marks  a  new  departure  in  electric  propulsion  as  distinguished  from  locomotive 
practice.  It  is  the  logical  se<juence  of  the  adoption  of  electricity  for  railway 
work,  and  tt)-ilay  a  train  of  six  cars  has  been  successfully  operated  by  a  boy  of 
nine  years. 

"  The  a4lvanceinent  of  the  electric  railway  in  tlie  <lecade  s\uce  W\^  \w'?\a>\%XA^\\ 
of  the  Richmond  railway  is  unparalleled,  anduo  a«\va\\Ctt"vv\VVv^"\\\^\x*VYV«\H«w:W 
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has  had  a  more  widespread  and  beneficial  efTect  on  the  social  and  moral  well 
being  of  the  community.  In  1887  there  were  scarcely  a  dozen  electric  railways 
in  existence,  to-day  there  are  700  in  the  Uuitod  States  alone.  Then  there  wen* 
scarcely  100  miles  of  track,  now  there  are  nearly  14,000  miles.  From  150  curs, 
the  equipment  has  g:rown  to  over  85,000.  propelled  by  52,000  motors. 

"  Preaietion  would  perhaps  be  idle,  l)ut  it  would  seem  that  we  are  entering: 
on  a  new  era  of  railway  progress  whose  extent  cannot  well  be  limited,  in  which 
not  only  city  but  suburban,  and  in  a  large  measure  interurban,  passenger  traffic 
will  be  electric  in  all  its  essentials.  Frank  J.  Sprague." 

Thk  President: — I  am  sure  we  are  all  very  much  interested 
to  hear  this  telegram  read  on  this  occasion.  It  is  most  unfortu- 
nate, however,  that  we  do  not  have  Mr.  Sprague  here  in  person^ 
because  his  personality  is  particularly  strong  and  interesting,  but 
he  shows  some  of  it,  I  think,  in  his  telegram. 

I  believe  Prof.  Owens  has  an  invitation  to  present  to  the  Insti- 
tute.    The  Institute  would  be  glad  to  hear  it. 

Prof.  Owens: — I  have  the  pleasure  of  extending  on  behalf  of 
the  President  and  Board  of  Directors  of  the  Trans-Mississippi 
Exposition,  an  invitation  to  the  Institute  to  hold  its  next  general 
meeting  In  Omaha.  Every  facility  will  be  afforded  for  making 
the  meeting  a  success.  Probably  in  a  great  many  years  the  west 
will  not  have  such  features  of  electrical  interest  asmaybeseen  in 
Omaha  next  summer.  I  hope  that  some  expression  may  be  ob- 
tained from  those  present  in  this  regard,  for  the  sooner  the  place 
of  meeting  is  decided  upon,  the  easier  it  will  be  to  make  arrange- 
ments for  a  successful  one 

Mr.  T.  C.  Martin  :--Mr.  President,  I  think  most  of  us  have 
listened  to  the  invitation  from  Prof.  Owens  as  a  special  Commis- 
sioner from  the  State  of  Nebraska  with  a  good  deal  of  interest 
and  pleasure.  It  seems  to  me  that  after  coming,  as  we  havehere* 
to  the  extreme  eastern  tip  of  the  continent,  it  would  at  least  be 
proper  and  in  order  that  our  next  oscillation,  as  you  might  call  it, 
should  carry  us  somewhere  toward  the  centre  of  the  country.  We 
have  been  inclined  in  our  n>eetings  to  linger  eastward  and  it 
is  certainly  high  time  that  once  more  we  turn  our  faces  to 
the  west ;  and  perhaps  ro  render  the  contrast  complete  I  do  not 
know  that  we  could  seek  anything  in  sharper  difference  from  the 
sweet  serenity  and  peace  of  our  surroundings  here  than  the  bustle 
and  hurlyburly  of  the  west,  as  we  shall  iind  it,  proceeding  from 
Chicago  and  staying  a  few  days  at  Omaha  during  that  exposition. 
I  think,  moreover,  tiiat  we,  as  a  body,  owe  a  little  to  the  State 
that  our  friend  represents.  1  had  the  pleasure  of  being  in  Lincoln 
last  year  and  I  was  deeply  impressed  with  the  magniiicence,  the 
splendor,  the  regal  generosity  with  which  that  State  had  endowed 
her  educational  facilities,  and  particularly  the  eagerness  with 
which  they  were  seeking  there  to  give  further  scope  and  larger 
aim,  and  higlier  purpose,  to  the  sciiMitiiic  and  technical  training 
of  her  young  men.  If  wo  go  west  upon  such  an  occasion  as  this, 
we  sliall  not  only  be  doing  bomething  that  Nebraska  will  deeply 
appreciate,  but  we  shall  be  furthering  the  purpose  which  under- 
lies the  existence  of  the  Institute  itself.  I  would  like,  therefore, 
if  it  please  you  sir,  to  offer  this  resolution,  which,  I  will  say  just 
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by  way  of  preamble,  is  not  intended  in  anywise  to  commit  ns  now. 
1  do  not  think  that  that  would  be  proper.     I  do  not  think  it  is  per- 
haps within  our  province.     The  ooject  of  this  resohition  is  simply 
to  ,i2:et   from  this   meeting  an   expression  of  it«  feeling  on  the 
subject,  and  though  perhaps  this  is  not  as  large  a  meeting  as  it- 
might  be,  we  have  rarely  had  a  more  representative  gathering  than  ■ 
at  this  time.     Another  fact  I  would  like  to  mention  is  that  we  have 
a  large  number  of  members  in  the  west ;  possibly  the  preponder- 
ance is  west  of  the  Alleghanies  and  certainly  we  uo  wish  to 
extend  our  memliership  out  west  and  the  best  way  to  extend  it 
is  to  go  west  and  go  after  the  membership.     My  resolution  is 
this : 

Rbsolvkd  that  it  is  the  rtense  of  this  meeting,  that  it  is  desirable  to  hold 
the  next  General  Meetini:  of  the  iMSTrruTE  at  Omaha  and  that  the  invitation, 
extended  by  Prof  Owens  be  lavorably  inferred  to  the  Council  for  further  con- 
sideration and  early  action, 

Mb.  Dunn  : — Mr.  President,  I  desire  to  second  this  motion.  I  ■ 
think  that  a  meeting  in  the  west  next  year  would  be  particularly 
appropriate.  I  think  that  the  liolding  of  it  at  Omaha  at  the  time 
of  the  Trans-Mississippi  Exposition  would  enable  us  to  assemble 
a  large  gathering,  and  when  Mr.  Martin  mentioned  the  hospitality 
that  we  should  iind  in  the  west  it  brought  to  my  mind  pictures 
of  how  well  our  western  friends  would  receive  us,  and  do  every- 
thing in  their  power  to  make  us  comfortable  and  to  make  our 
meeting  a  success. 

Mr.  8teinmetz  : — I  think  this  motion  is  a  very*  timely  one. 
Our  Institute  has  in  the  last  years  extended  so  greatly  westward ' 
that  the  centre  of  membershi])  undoubtedly  lies  considerably 
further  west  than  the  average  meeting  place.  Now  we  have  so 
many  members  in  Chicago  and  San  Francisco  whom  we  have 
never  seen  and  who  possibly  may  come  to  Omaha,  but  who  cer- 
tainly will  not  come  to  us  here,  and  sinc^  for  years  and  years 
most  of  the  meetings  have  been  held  here  in  the  east  and  even  in 
the  far  east,  a  meetmg  farther  to  the  west  would  be  very  timely. 
I  heartily  endorse  this  motion. 

Mr.  C.  W.  Fike  : — It  appears  to  me  there  are  three  very  good 
reasons  why  we  should  go  to  Omalia.  In  the  first  place  there  has 
been  a  good  deal  of  criticism  of  the  management  of  the  Institute,  . 
because  it  is  considered  to  be  a  -New  York  concern.  I  know  of 
course  that  that  criticism  is  by  no  means  just.  At  the  same  time 
it  exists.  I  think  it  would  do  a  great  deal  to  dissipate  that,  if  we 
did  get  into  the  habit  more  extensively  than  m'c  have  in  the  paat 
of  holding  our  meetings  outside  of  New  York,  more  especially  in 
the  western  states.  In  the  second  place  I  have  no  doubt  that  we 
should  have  a  larger  meeting  in  Umaha  than  perhaps  any  ulaco 
that  we  could  choose,  because  we  should  have  the  Trans-Missis- 
sippi Exposition  for  one  thing,  and  because  |>eople  in  the  west 
think  nothing  of  traveling  a  few  hundred  miles.  In  the  third 
place.  Prof.  Uwens  has  invited  us.      I  should  therefore  moat 
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heartilv  second  this  motion  of  Mr.  Martin  to  refer  this  resolution 
favorably  to  the  Council. 

The  resolution  was  carried  unanimously. 

The  President: — I  will  take  this  opportunity  to  make  an  in- 
formal statement  for  the  information  of  the  Institutb.  As  a 
del^^tc  appointed  by  the  Institute  to  represent  it  at  the  Na- 
tional Conference  on  Standard  Electric  Ilules  called  together  to 
formulate  and  promulgate  one  uniform  code  of  electric  rules  for 
the  whole  country,  I  have  to  report  that  the  Conference  has  suc- 
oessfully  accomplished  its  work  and  that  the  code  is  printed.  This 
Conference  was  composed  of  the  following  Iwdies :  The  American 
Institute  of  Architects,  The  American  Institute  of  Ei^otrical 
Engineers,  The  American  Society  of  Mechanical  Engineers,  The 
American  Street  Railway  Association,  Factory  Mutual  Fire  In- 
surance Companies,  National  Association  of  Fire  Engineers,  Na- 
tional Board  of  Fire  Underwriters,  National  Electric  Light  Asso- 
ciation and  the  The  Underwriters'  National  Electric  Association ; 
these  being  practically  all  of  the  bodies  which  have  any  direct  or 
even  indirect  interest  in  this  question,  and  it  would  therefore  seem 
to  be  a  particularly  complete  organization.  In  fact,  I  think  it  can 
be  said  to  be  one  of  the  most  complete  and  important  aggrega^ 
tions  of  technical  and  commercial  interests  that  was  ever  called 
together  for  a  specific  purpose  of  the  kind,  and  I  think  it  is  a 
matter  of  congratulation  that  it  was  able  to  perform  the  work  for 
which  it  was  organized.  I  can  also  say  for  the  information  of 
the  Institute  that  the  influence  of  the  Institute:  and  the  fact 
that  it  had  taken  this  somewhat  unusual  step,  had  a  most  favor- 
able effect  in  securing  the  success  of  this  Conference.  I  am  sure 
that  if  this  iNSTrruTE  had  held  itself  aloof,  as  it  has  in  the  past 
in  such  matters,the  Conference  would  not  have  been  a  sucoese. 
I  will  report  formally  to  the  Council  and  stronglv  recommend 
the  approval  of  this  code  by  the  Institute,  and  f  feel  warranted 
in  malcing  this  recommendation  in  view  of  the  fact  that  it  has 
already  been  adopted  by  several  of  the  influential  bodies,  in  fact 
more  than  one-half  of  those  represented  in  this  list  I  have  given 
to  you. 

The  next  paper  on  the  list  is  on  "  EflSciency  and  Life  of  Car- 
bons in  Enclosed  Arc  Lamps,"  by  W.  H.  Freedman,  H.  S. 
Burroughs  and  J.  Kapaport.  The  authors  are  not  present  and 
as  I  am  somewhat  familiar  with  the  paper  I  will  read  it  and  will 
call  upon  Vice-President  Steinmetz  to  take  the  chair. 

Mr.  Steinmetz  took  the  C^hair  and  Dr.  Crocker  presented  the 
paper  as  follows : 


A  /a/er  prtsenitd  at  ike  I4tk  Gtn^ral  Meeting  cf 
the  American  Inxtitttte  of  Eiedricai  Engi' 
neers,  Eiiot^  Me,,  July  iStk,  iSqrfy  Vice-President 
Sieinmeiz  in  the  Chair, 


THE  ENCLOSED   ARC   LAMP. 


BY  W.  H.  FRKKDMAN,  H.  S.  BURROUGHS  AND  J.  RAPAPORT. 


Statistics  show  that  the  enclosed  arc  lamp  is  not  only  rapidly 
increasing  in  the  point  of  numbers  installed,  but  actually 
replacing,  in  many  instances,  the  open  arc  lamp.  The  fact  that 
one  set  of  carbons  will  last  from  75  to  150  hours,  according  to 
the  make  of  the  lamp,  is  in  itself  sufficient  to  explain  the  successful 
and  rapid  introduction  of  this  form  of  lamp.  Feeling,  however, 
that  there  were  many  facts  and  mnch  data  that  could  be  pre- 
sented in  relation  to  the  enclosed  arc  lamp,  a  large  number  of 
tests  were  carried  on,  the  main  results  obtained  being  presented 
in  the  following  paper. 

Obtaining  samples  of  the  Manhattan,  Helios,  Bergmann, 
Imperial,  Pioneer,  Thomson  75-hour  and  Thomson  100-hour 
lamps,  tests  were  made  bearing  upon  the  relation  between  length 
of  arc  and  voltage  across  the  arc,  the  regulation,  life  of  carbons, 
ratio  of  consumption  of  positive  and  negative  carbons,  and  the 
distribution  of  light. 

The  method  was  adopted  of  assigning  a  number  to  each  make 
of  lamp,  and  using  that,  instead  of  the  name  of  the  lamp,  in 
stating  the  results. 

Mechanism  of  thk  Encloskd  Arc  Lamp. 

All  of  the  enclosed  lamps  now  on  the  market,  work  on  the 
same  general  principles.  They  are  placed  singly  across  the 
ordinary  incandescent  lighting  circuit,  and  are  regulated  to  take, 
approximately,  SO  volts  across  the  arc,  the  rest  of  the  potential 
being  consumed  in  the  regulating  solenoid  and  extra  resistance 
(shown  in  Fig.  1).  There  is  a  marked  diflFerencc  between  all  of 
these  and  the  ordinary  open  arc.     The  standard  current  is  live 
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amperee,  tlie  arc  beinfi;  about  -^'  long,  while  tlie  carbons  burn 
nearly  flat  instead  of  taking  t)ie  shape  as  in  the  caae  of  the  open 
arc.     This  makes  a  change  in  the  distribution  uf  the  ligiit,  com- 
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pared  witli  the  open  arc,  whieb  will  l)e  sliown  hy  curves  later  ou. 
Fig.  S  shows  the  difference  in  appearauce  of  the  carbon  in  tlie  two 
8tvles  of  are.  The  encloeed  are  burne  flat  on  the  top  or  positive 
carbon,  the  lower  or  negative  one  becoming  slightly  convex.  The 
arc  itself  does  not  remain  in  any  one  spot,  but  wanders  all  around 
the  flat  ends.  In  the  case  of  large 
carbons,  tliia  is  objectionable,  as  it 
o^iusee  rather  heavy  shadows  to  he  cast, 
which  to  a  largeextent,can)>e  prevented 
by  the  use  of  proper  globes.  The  ex- 
periment was  tried  of  rounding  the 
ends  slightly.  This  arrangement  did 
away  with  the  shadows,  but  the  car- 
bons burned  Hat  again  in  a  very  short 
time. 


4- 


The  current  passes  through  the  ex- 
tra resistance,  the  solenoid  and  the 
carbons,  in  scries.  This  series  arrange- 
ment makes  a  very  simple  lamp,  with 
very  few  parts,  and  working  much 
steadier  than  theopen  arc  lai(i|).  When 
no  cnrrent  is  passing,  the  carlxins 
touch ;  the  nionient  the  current  is 
thrown  on,  the  core  is  drawn  up,  car- 
rying the  positive  carbon  by  a  friction  I'm  ;t. 
clutch.  The  negative  carbon  is  fixed  in  a  holder  or  six-ket,  at 
the  bottom  of  the  tamp. 

The  simplest  form  of  friction  clutch  consists  of  a  stniight  hori- 
zontal rod  fastened  to  the  en<l  of  the  plunger  of  the  solenoid^ 
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and  having  at  eacli  end  an  arm  so  pivoted  that  these  two  arms 
cro88  each  other  like  a  letter  X  (as  shown  in  Fig.  3).  At  each 
lower  end  of  these  arms  is  pivoted  a  friction  piece,  with  either  a 
rounded  or  a  V-shaped  surface,  that  grasps  the  rod  holding  the 
upper  carbon.  Lifting  the  upper  ends  causes  the  lower  ends  to 
come  nearer  together,  thus  gripping  the  rod.  The  carbon  and 
its  rod  are  dropped  when  the  device  falls  far  enough  to  touch  a 
stop  that  prevents  the  lower  part  of  the  clutch  from  coming 
down  any  further.  A  novel  departure  from  this  fonn  of  clutch 
consists  of  a  cylindrical  piece  of  brass,  fitting  around  the  rod,  and 
having  its  upper  end  grooved  to  hold  a  row  of  steel  balls.  These 
are  held  in  place  by  a  conical ly-shaped  cup.  When  the  inner 
cylinder  rests  on  the  stop,  the  cup,  which  is  attached  to  the 
plunger,  descends  far  enough,  by  reason  of  its  sloping  sides,  to 
release  the  friction  on  the  balls  and  the  carbon  rod  falls.  When 
the  core  is  drawn  up,  the  ciip  follows,  the  balls  being  caught  in 
the  apex  of  the  cup,  and  the  rod  is  drawn  up. 

Fuses  should  be  put  in  circuit  with  each  lamp,  and  as  the  first 
rush  of  current  is  from  40  to  240  per  cent,  of  the  steady  value, 
according  to  the  make  of  the  lamp,  the  fuse  mast  be  heavy 
enough  not  to  blow  when  the  lamp  is  first  thrown  in.  In  the 
case  of  lamps  having  a  large  flush  of  current,  the  lamp  is  not  so 
well  protected  against  an  accidental  heavy  current,  as  the  fuse 
must  be  of  greater  carrying  capacity  than  in  the  case  of  lamps 
with  a  small  flush  of  current,  and  may  not  blow  until  the  lamp 
has  been  seriously  overheated.  One  eilect  of  high  temperature 
around  the  working  parts,  is  to  make  the  brass  rod  that  carries 
the  upper  carbon,  stick,  the  surface  losing  its  smoothness,  so  that 
in  some  cases  it  is  necessary  to  take  the  rod  out  and  polish  it. 
The  current  is  usually  carried  to  the  upper  carbon  by  means  of 
two  brushes  pressing  on  this  rod.  As  the  carbons  wear  away, 
the  armature  of  the  solenoid  gradually  descends,  the  current 
remaining  practically  constant  whatever  the  position  of  the 
plunger,  until  it  reaches  the  stop  that  releases  the  carbon  from 
the  friction  clutch ;  the  carbon  then  falls  and  strikes  the  lower 
one,  but  is  immediately  picked  up  again, — the  light  sometimes 
going  out  and  sometimes  remaining.  This  process,  however,  oc- 
curs at  comparatively  long  intervals  as  the  core  has  a  play  of  -|'' 
to  i '  before  the  stop  is  reached.  The  positive  carbon  wears  away 
at  the  rate  of  .05  of  an  inch,  approximately,  per  hour,  and  the 
negative  at  half  this  rate ;  there  will  consequently  be  from  5  to 
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8  houi*s  between  the  times  of  the  resetting  of  the  core  to  its  top 
position.  The  open  arc  lamp,  allowing  a  consumption  of  one 
inch  per  hour,  feeds  about  15  to  20  times  as  much. 

A  good  lamp  should  have  the  following  points,  the  determi- 
nation of  which  was  one  of  the  objects  of  our  experimental  work: 

Long  life  for  one  set  of  carbons ; 

Simple  and  light,  but  strong  mechanism  ; 

i^mp  must  be  short,  for  use  in  low-ceiling  rooms ; 

Must  cast  no  shadows  from  the  carbon  points,  and  it  must  not 
be  necessary  to  use  very  dense  globes  to  obtain  this  result ; 

Smallest  possible  amount  of  deposit  on  the  inner  globe  ; 

Smallest  possible  flush  of  current  at  start ; 

r^mp  should  pick  up  immediately  when  the  carbons  have 
fallen  together ; 

(Carbons  should  drop  immediately  at  feed  and  if  the  arc  should 
break  ; 

Minimum  hysteresis  in  the  core  and  no  friction  of  the  moving 
parts  sufficient  to  cause  sticking  ; 

I^nip  should  be  so  insulated  that  when  the  curi*ent  is  on,  there 
is  no  uninsulated  portion  exjwsed  ; 

The  shell  of  the  lam]>  should  be  readily  removable  so  as  to  ex- 
|)08e  the  working  parts  ; 

The  outer  globe  should  be  easily  removable  and  so  fastened 
that,  when  hanging  down  it  cannot  be  drop|KHl  or  broken  : 

Old  carbons  and  inner  globe  'must  be  easily  removable  ; 

Both  globes  must  admit  of  easy  cleaning ; 

It  should  be  easy  to  replace  and  centre  the  carbons ; 

The  low^er  carbon  holder  and  inner  globe  holder  must  be  held 
tirmly  in  place,  and  the  armngement  for  making  the  small  bulb 
air-tight  at  the  bottom  should  have  no  tendency  to  cnw^k  the 
glass  or  get  it  out  of  centre ; 

Itegulating  mechanism  should  give  the  smallest  possible  flick- 
ering of  the  light ; 

The  <lash-pot  should  be  tirm  enough  to  resist  sudden  changes, 
but  must  not  be  so  much  so  that  it  is  slow  in  getting  to  its 
normal  jmsition. 

Lkngth  of  Ak(\ 

In  order  to  measure  the  length  of  the  arc  for  different  values 
of  the  voltage  across  it,  the  image  was  projected  on  a  sc^reen,  on 
which  the  diameter  of  the  carbon  and  the  length  of  the  arc  were 
measured.     The  former  being  known,  the  true   value  of   the 
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lenj^tli  of  the  arc  was  determiDed  by  simple  proi>ortion,    Tlie  re- 
sults are  given  in  Table  T,  and  6howii  grapliically  in  Fig.  +. 
vuLTAOK  TABLE  I.  LENGTH      . 
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KEfiULATKlN. 

The  Kiin])le  regulating  nieelianistn  of  tliu  onelost-d  tamp  has  a 
verv  greiit  advantage  over  that  "f  the  orilinary  open  lamp.  Tlie 
Kerieii  ineolianism  iis  not  applicable  to  Rbort  arc  lamps,  am  a  given 
variatiim  niakeK  a  large  pn)jM)rtionat  change,  whereas  this  is  ol> 
viatod  by  ii«iig  a  long  arc.    The  cnrrent  and  voltage  variation  in 
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both  styles  of  lamp  at  starting,  each  on  a  constant  potential  circuit 
of  1 15  volts  and  the  open  arc  being  one  of  two  in  series,  are  shown 
in  Table  II  and  Fig.  5. 

TABLE  II. 


TIME. 
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I  scctind 
15         '• 
30 
45 

I.  minute 
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a. 
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E.NCLusBD  Arc. 

Open 

Arc. 

Voltage. 
74. 

Curreni. 

Voluge. 

Current. 
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18. 
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74.5                        50 
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Tlie  voltage  is  that  across  the  arc.  The  normal  currents  were 
4.75  for  the  enclosed  and  8  for  the  open  arc  lamp.  * 

The  normal  voltage  across  the  are,  for  5  amperes,  in  the  enclosed 
lamp  is  80.  This  gives  400  watts  expended  at  the  arc,  the  rest, 
de|>ending  iijx)n  the  voltage  of  the  circuit,  being  wasted  in  the 
extra  resistance.  On  a  110-volt  circuit,  this  would  give  72^^  P©^ 
cent,  of  the  energy  supplied  to  the  lamp  spent  at  the  carbon 
points.  Eighty  to  85  volts  seems  to  be  as  high  as  is  desirable  to 
get  the  best  regulation.  Some  extra  resistance  is  necessary  for 
regulation,  as  a  given  change  in  the  resistance  of  the  arc  will  make 
a  less  change  relatively  in  the  whole  resistance  when  this  is  large. 

It  might  appear  advisable  to  run  a  special  circuit  of  lower  volt- 
age to  feed  these  lamps  if  they  are  of  sufficient  number.  To 
determine  how  low  the  voltage  may  be  carried  on  a  regular  com- 
mercial lamp  such  as  is  supplied  for  the  standard  voltage,  the 
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external  resiBtauce  waa  gradually  cnt  ont  until  the  regulation  of 
the  current  began  to  get  poor.  The  lamp  tested  had  an  extra 
reeistance  of  6  oluits.     The  solenoid  was  very  nearly  one  olim. 

On  the  external  resistance  being  cut  down  to  3.1  ohms,  the  cur- 
rent became  4.8  amperes,  while  the  volt^^  across  the  arc  was  7^ 
and  across  the  lamp  100.  No  appreciable  change  was  noticed  in 
the  steadiness  of  the  lamp.  This  arrangement  consumes  4S0 
watts,  total,  and  374  across  the  arc,  whicli  latter  remains  practic- 
ally the  same.  On  a  It 5- volt  circuit,  where  the  lamp  is  normally 
run,  the  watts  per  lamp  are  r»52,  making  a  saving  for  this  partic- 
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Fin.  5. — C"rii|>Hnsoii  of  0|>en  and  Kndoseil  Are  Rt'gulatiiHi. 
ular  case  of  7'i  watbi.     Fur  every  100  lanipc  on  the  115-volt  cir- 
cuit, 1  l^i  could,  therefore,  be  run  on  the  10'>-volt  circuit  for  the 
same  uuml>er  of  watts  consumed. 

The  external  resistance  was  next  reduced  to  2.3  ohms  when 
the  current  became  4.H5  amperes,  the  voltage  across  the  lamp  H5, 
while  airross  the  arc  it  remained  at  78.  A.s  the  extra  rcBistaoce 
is  cut  out,  the  vahie  of  the  current  is  slightly  increased.  At  this 
voltage  the  current  was  too  misteady  and  caused  considerable 
tlickering.  For  outdoor  nsc  this  would  not  be  noticeable,  hut 
for  indoor  use,  such  as  reading  and  the  like,  it  would  be  very  ob- 
jectionable.    All  the  lamps  tested,  showed  flickering  on  a  sheet 
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of  {>a|M;r  lield  h  few  feet  away  from  tlie  Iniii|».  This  ex})ei-inieiit 
<if  lowering  tlie  voltage  was  perforiiie<l  witli  a  Hiiiall  Ediwiu  itia- 
<'liiiiv,  varvirig  the  tield  resiittanee  to  give  the  desired  voltage. 

Table  III  will  be  of  intcretit  in  showing  the  Mteadinesa  it  iit 
possible  to  get,  in  ciii'rentand  voltage  acmss  the  arc.  The  read- 
iiigi*  were  made  every  two  iKtconds  on  lamp  No,  7.  The  I'esiiltD 
are  also  plotted  in  Fig.  <>.  Considering  that  the  arc  \»  coiiiitantly 
moving,  and  that  the  external  voltage  is  not  absolutely  steady,  the 
regulation  it,  very  good. 

The  largest  xwing  noticed  was  from  Ti  to  5.-J  aiu|>eres.  Some 
<ii  the  htuips  vary  considerably  in  voltage  at  the  start.  Inking 
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about  iive  minutes  before  their  average  voltage  can  be  deter- 
mined. The  above  lamp  remained  the  same  during  its  further  run. 
Table  IV  shows  the  initial  rush  of  current  compared  to  the 
average. 

TABLE  IV. 

LAMP. 


1 
2 
3 

4 
5 
6 
7 


INITIAL 

▲TBRAGK 

CURRENT. 

CURRENT. 

8to9 

4.75 

9to9.7 

5.0 

8.5  to  9 

4.9 

12 

5.0 

7.6 

4.9 

11.3 

5  15 

6.T5 

6.15 

This  also  shows  the  effect  of  loose  and  stiff  dash-pots.  The 
former  have  the  advantage  of  taking  small  initial  current,  but  are 
slower  in  falling  and  allowing  the  carbons  to  touch  in  case  the 
arc  breaks.  With  stiff  dash-pots  the  carbons  are  forced  together 
almost  instantaneously.  Xo  better  regulation,  however, is  secured 
during  the  ordinary  running  of  the  lamp. 

All  the  lamps  having  rods  to  hold  the  upper  carbon  are  neces- 
sarily very  long,  but  this  can  be  obviated  by  using  what  is  called 
a  carbon  feed.  The  carbon  tits  into  a  small  sleeve  at  the  top,  but 
the  friction  clutch  grasps  the  carbon  itself.  This,  however,  givea 
poorer  regulation,  the  light  flickering  more  than  when  a  carbon 
rod  is  used. 

With  brass  rods,  the  method  used  for  making  contact  is  to 
to  employ  a  pair  of  bnishes  at  the  top.  One  of  the  lamps  tested 
does  not  rely  on  this  method,  but  uses  a  flexible  asbestos-covered 
wire  reaching  to  the  end  of  the  rod.  This  is  an  advantage  over 
the  brushes,  as  contact  is  sure  to  be  made.  Wlien  a  lamp  has 
been  run  for  some  length  of  time,  getting  the  mechanism  thor- 
roughly  heated,  the  rod  gets  sticky  from  what  appears  to  be 
shellac.  In  one  case  noticed,  the  rod  was  so  discolored  and  dirty, 
after  about  200  hours  use,  that  the  current  would  not  pass  from 
the  brushes  to  the  rod,  the  carbons  being  together.  This  shows 
the  necessity  of  cleaning  the  rod  at  the  end  of  every  run.  The 
rod  must  bo  etisily  and  quickly  detachable,  or  else  so  arranged 
that  it  can  be  cleaned  throughout  its  whole  length. 

To  get  an  idea  of  the  variations  in  current  of  the  different 
lamps,  the  ammeter  in  circuit  was  watched,  and  the  data 
obtained  is  given  in  Table  V.  Xo  lamp  remains  absolutely 
steady  for  more  than  a  few  seconds  at  a  time. 
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TABLE  V. 

REGULAR  OCCASIONAL 

LAMP.  VARIATIONS.         VARIATIONS. 

1 4.5  to  5.0  4.5  to  5.8 

3 4.5  to  5.5 

8 4.7  to  5.1  4.3  to  5.4 

4 4.7  to  5.2  4.5  to  5.4 

5 4.7to5.l  46to5.2 

6 4.0  to  5.5  Flickers  considerablv. 

7 5.0to5.25        5.0to5.4 

The  best  regulation  was  obtained  from  lamps  Nos.  3  and  7. 
Although  the  are  has  more  chance  to  move  about  on  the  Y 
carbons  than  on  the  -^"^  lamp  No.  3,  using  the  latter,  gave  no 
better  regulation  than  the  one  with  the  ^  carbons. 

LiFK  Tests. 

The  life  of  a  lamp  for  one  trimming,  depends  on  a  large  num- 
ber of  conditions,  most  of  which  are  self-evident. 

1.  It  is  influenced  by  the  size  and  quality  of  the  carbons.  The 
carbons  will  not  run  exactly  the  proper  diameter,  even  though  of 
the  same  make.  This,  while  hardly  noticeable  to  the  eye,  is  dis- 
covered when  it  is  found  impossible  to  slip  the  carbon  through  the 
gas  cap  or  in  the  lower  socket  and  hole  through  the  bottom. 

2.  The  life  depends  upon  the  current  strength.  This  varies 
gradually  during  the  run  of  the  lamp,  on  account  of  the  plunger, 
caused  by  the  wasting  of  the  upper  carbon.  The  following  fig- 
ures will  give  an  idea  of  this  change: 

With  upper  carbon  full  length  of  12'',  the  current  taken  by  the 
lamp  was  5.2  amperes.  Carbon  ^^  long,  the  current  was  only  5.05 
amperes ;  while,  when  carbon  was  only  ^''  long,  its  tinal  length, 
the  current  was  4.85  amperes. 

3.  The  size  of  the  enclosing  globe  aifects  the  life,  it  being  less 
by  a  slight  amount  for  a  smaller  globe.  All  the  other  conditions 
being  the  same,  a  lamp  having  a  smaller  globe  will,  during  a 
given  run,  have  its  globe  replenished  with  air  from  the  outside 
oftener  than  if  it  had  a  larger  globe. 

Table  VI  gives  the  carbon  consumption  in  inches  per  hour 
for  5''  and  6''  globes. 

TABLE  VI. 

roNSUMPTION.  5  '  OLOBK.  6"  GLOBE. 

Positive 067  .0687 

Negative 034  .020 

Total 101  .0977 

4.  The  rate  of  consumption  of  carl)on  varies  with  the  height 
of  the  arc  in  the  glolxe.    Although  the  current  decreases  in  value 


436  FREISDMAN,  BURROUGHS  AND  RAPAPORT       [July  28, 

as  the  upper  carbon  is  cousuined,  the  total  eousuinption  per  hour 
is  increased  as  the  position  of  the  arc  goes  downward  in  the 
globe.  The  measurements  given  below,  in  Table  VII,  show 
this,  which  is  a  result  of  the  increased  circulation  caused  bv  the 
heat  of  the  arc  being  lower  in  the  bulb. 

TABLE   VIT. 

CONSUMPTION   PER   HOUR. 

POSITION  OK  ARC  IN  BULB.                             Positive,  Negative.  Total.. 

Top 070  .024  .094 

Middle o74  .034  .108 

Bottom 070  .()8»  .  1 18 


inside 
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Fio.  7. — Gas  Caps.     Half  actual  size 


At  the  middle  of  the  bulb  the  consumption  per  hour  is  145f^ 
greater  than  at  the  top  ;  at  the  bottom  it  is  25^  greater.  These 
figures  are  for  -^f^''  carbons,  and  are  the  largest  for  any  of  the 
lamps  tested. 

5.  The  form  of  gas  plug  used  also  influences  the  life.     They 
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vary  in  form  from  a  simple  circular  plate  with  the  hole  for  the 
carbon  grooved  in  two  circles  parallel  with  the  plane  of  the  disk, 
to  the  arrangement  having  a  chamber  iitted  with  slits  through 
that  wall  which  is  next  the  carbon.  The  object  of  this  chamber 
is  to  obstruct  the  circulation  as  much  as  possible,  and  yet  have 
sufficient  air  to  keep  the  carbon  from  depositing  on  the  globe  in 
excessive  quantities.  For  some  reason  the  consumption  of  nega- 
tive and  positive  in  one  of  the  lamps  having  this  latter  form  of 
cap  is  in  the  proportion  of  from  1  :  5  to  1  :  10.  In  all  the  other 
lamps  the  ratio  of  consumption  of  positive  and  negative  carbons 
varied  ^rom  1.7  :  1  to  2.9  :  1.  Since  a  slow  consumption  of  the 
negative  carbon  keeps  the  arc  well  up  in  the  globe,  it  gives  an 
advantage  over  the  other  lamps  in  producing  a  larger  area  of 
distribution  of  light  at  the  end  of  the  run.  On  a  horizontal 
plane  it  will  give  a  little  less,  as  the  coating  is  heavier  at  the  top 
of  the  globe.  This  holds,  however,  for  a  continuous  run  only ; 
the  ratio  of  consumption  being  1:3  for  intermittent  runs.  This 
shows  how  the  effect  of  the  gas  cap  is  neutralized  by  allowing 
fresh  air  to  enter  at  intervals. 

Fig.  7  shows  the  different  styles  of  caps. 

♦).  Whether  the  run  is  continuous  or  intermittent  will  make 
a  difference  in  the  life,  although  only  slight.  Theoretically, 
tne  life  should  be  less  for  the  intennittent  test  than  when 
the  lamp  is  kept  burning  without  any  stops.  The  8to|v 
page  allows  fresh  air  to  get  in,  thus  increasing  the  con- 
sumption. When  the  current  is  thrown  off  a  lamp,  it  is  to  be 
noticed  that  the  co  gas  catches  iire  from  the  inrush  of  air  and 
forces  its  way  out  against  the  incoming  currents,  so  that  in  some 
instances  the  force  is  sufficient  to  make  the  cap  chatter  in  its 
place.  The  blue  tlame  produced  disappears  in  a  time  varying  up 
to  ten  seconds.  The  results  we  obtained  were  irregular,  but 
show  that  the  life  is  about  the  same  whether  the  lamp  is  burning 
pteadily  or  at  intervals,  as  shown  by  Table  VIII. 

TABLE  VIIT. 

STEADY  RUN.  INTERMITTENT  RUN. 

TEST. 

Life  in  Hours.  Life  in  hours.  Xo.  of  Stop^t. 

a 124  128  21 

b 130  143 15 

c 28  25.5 22 

d jl48  15 

M41  20 

€ 128  112  18 
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Test  c  is  not  the  full  life.  An  accident  compelled  the  stop- 
page of  the  continuous  test  after  28  hours,  and  the  intermittent 
test  was  then  carried  on  till  the  same  amount  of  carbon  had  been 
consumed.  It  will  be  observed  that  in  two  cases  the  life  was 
longer  for  the  non-continuous  run.  Another  test  not  given 
above,  showed  almost  exactly  the  same  loss  of  carbon  for  each 
run,  the  consumption  for  a  given  number  of  hours  being 
measured. 

To  find,  theoretically,  the  amount  of  carbon  consumed  with 
intermittent  use,  we  can  calculate  the  weight  of  oxygen  the  bulb 
contains  when  tilled  with  fresh  air,  and  from  this  determine  the 
amount  of  carbon  burned  before  the  admission  of  any  more  fresh 
air.  For  example,  one  of  the  bulbs  contained  18.8  cubic  inches 
of  air.     Since  the  amount  of  oxygen  contained  is  one  fifth  of 
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this,  and  a  cubic  inch  weighs  34o  grains,  the  bulb  contains  when 
tilled  witli  fresh  air,  120  grains  of  oxygen.  In  forming  cx)  gas, 
this  amount  of  oxygen  would  re(|uire  .907  grain,  or  approximately 
one  grain  of  carbon  to  combine  with.  Carl)on,  at  a  specific 
gravity  of  2,  weighs  .505  grains  per  cu])ic  inch.  If  the  carbon 
is  ^"  in  diameter,  its  section  is  very  nearly  .2  sq.  in.  and  a  piece 
one  inch  long  will  have  a  volume  of  about  .2  cii.  in.  and  weigh 
approximately  100  grains.  Then,  if  one  grain  of  (»arbon  is  con- 
sumed for  each  tilling  of  the  bulb,  it  means  that  .nl''  in  length 
has  been  used.  Taking  .07"  as  an  average  total  consumption 
per  hour  and  that  only  .01"  is  consumed  by  the  air  in  the  bulb  at 
starting,  it  will  take  7  of  these  renewals  to  consume  an  amount 
of  carbon  ecjual  to  one  hour's  regular  run.     That  is,  if  the  lamp 
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is  run  for  a  few  minntes,  sufficient  tlieoretieally  to  exhaust  the 
oxygen  in  the  bulb,  and  if  this  is  done  7  times,  it  will  use  as 
much  carbon  as  if  the  lamp  had  been  running  steadily  for  one 
liour.  Therefore,  taking  4  hours  as  an  average  run,  a  lamp 
burning  140  hours  would  have  85  stops,  equivalent  in  consump- 
tion to  5  hours  run,  and  on  this  basis  would  consume  carbon  as 
if  it  had  burned  continuously  for  145  hours. 

7.  Some  of  the  lamps  make  use  of  an  air-tight  outer  globe  to 
keep  down  the  supply  of  air.  This  may  make  a  slight  difference 
in  the  lamp's  life,  but  it  has  the  disadvantage  of  raising  the 
temjierature  inside  the  lamp  to  a  very  high  ])oint,  making  it 
necessary  to  use  an  insulation  that  will  not  char  from  the  effect 
of  the  heat.  It  may  also  cause  a  coating  of  shellac  that  is 
originally  put  on  the  solenoid,  to  deposit  on  the  brass  rod,  in- 
sulating it  and  causing  it  to  stick.  A  thermometer  placed  inside 
the  extra  resistance  in  a  lamp  that  was  open  at  the  top,  showed 
324°  F.  The  temperature  of  the  air  around  the  clutch  in  a 
lamp  with  ventilating  holes  was  280°  F.,  and  that  of  the  shell, 
184°  F".  The  inside  temperature  of  a  tightly  closed  lamp  would 
j)robably  be  considerably  higher. 

Katio  of  Consumption   of  Positive   and  Negativk   Carbons. 

For  a  given  lamp,  the  ratio  decreases  as  the  total  rate  of  con- 
sumption increases,  not  only  for  different  sizes  of  globes  but  also 
for  different  parts  of  the  same  globe.  This  is  shown  by  Fig.  8 
and  Table  IX. 


TABLE  IX. 

Co.NsUMFnON    IN    I.NCHES    I'EK    HOUK. 

i 

Katio 

Remarks. 

Positive 

Negative. 

Total. 

.074 
'                .079 

.0V4 
.034 

•  034 

.094 
.108 
.118 

a.S7 
2.20 

2.02 

DifTereut    parts  of 
same  Klobe. 

.r(')70 

•034 

•0977 
.101 

2-37 
X.97 

Different  ^lojes. 

.'"•'117 

.00^)17 

.0678 

10. 

rj    carbons  larkcest 
ratio  observed 

1                ■<-'V'9 
.■■467 

.048 

.0227 

.0216 

.0217 

.027 

.023 

.0736 
.0673 
.076 
.07  ^ 
.071 

2.24 
2. 16 
2.  so 
1.70 
2.08 

f    carbons. 

It  will  be  observed  that  the  smallest  total   consumption  was 
obtained  with  a  j^"  carbon,  showing  very  markedly  the  effect 
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of  the  gas  (*4ip.  The  usual  method  of  renewing  the  carbons  is 
to  use  the  remainder  of  the  upper  carbon  for  the  negative  in  the 
next  run.  In  the  case  of  the  lamp  just  cited  (No.  3)  the  upper 
carbon  left  is  about  Y  shorter  than  a  new  lower  carbon,  but 
«ince  the  life  of  this  lamp  is  so  prolonged  the  shortness  would 
be  no  drawback.  The  lower  carbon  might  even  be  used  for 
two  continuous  runs,  if  the  position  of  the  arc  in  the  lower  por- 
tion of  the  globe  is  not  objectionable. 

The  long  life  of  the  enclosed  an*  may  be  considered  its  chief 
advantage  over  the  ordinary  open  arc,  the  saving  in  carbons 
and  trimmers'  expenses  being  very  large.  The  old  style  of 
lamp  requires  two  cArbons  for  each  trimming,  and  lasts  (>  or  8 
hours.  The  enclosed  arc  requires  to  be  trimmed  about  ^  or 
^^  as  often.  Furthermore,  each  re-trimming  costs  less.  For, 
although  the  cost  per  thousand  for  the  same  size  carbon  is 
greater  for  the  enclosed  arc,  being  $23  for  12^  X  tV  '*<^ds,  only 
one  is  required  for  re-trimming,  while  the  open  arc  needs  two, 
costing  $18.70  per  thousand  for  12''  X  i'/ rods  and  $8.30  per 
thousand  for  H*'  X  -\^''  rods;  so  that  one  thousand  re-trimmingis 
cost  $23  for  the  enclosed  lamp,  against  $27  for  the  open  lamp, 
or  a  saving  of  $4  per  thousand  trimmings  in  favor  of  the  enclosed 
arc  lamp. 

PnoToM^rrKic  Tksts. 

The  figures  given  for  the  candle  power  of  the  lamps  when 
using  different  globes  are  only  approximate  on  account  of  the 
difficulty  caused  by  the  great  difference  in  value  of  the  standard 
source  of  illumination  and  the  arc,  the  verv  marked  difference 
in  the  color  of  the  light  (the  arc  being  violet  around  the  hori- 
zontal plane  and  white  below  it,  while  the  incandescent  lamp 
gave  an  orange  light  even  when  run  above  its  normal  voltage), 
the  wandering  of  the  arc,  and  the  personal  error  in  comparing 
the  lights.  In  making  comparisons  of  the  intensity  of  the  lightj$ 
we  used  a  pencil  photometer,  determining  the  relative  values  of 
the  arc  and  the  standard  lamps  by  means  of  the  shadows  cast  by 
a  pencil  on  a  white  card,  the  illumination  at  different  angles 
being  obtained  b}'  raising  the  lamp  with  a  rope  and  pulley.  If 
the  carbons  were  not  kept  exactly  centered,  the  angle  of  maxi- 
mum intensity  could  be  shifted  all  around.  Our  figures  for  the 
different  angles  were  obtained  by  taking  the  mean  of  about  ten 
readings,  taken  around  the  surface  of  a  cone  whose  slant  is  the 
same  angle  as  that  of  the  given  angle.     These  mean  values  wore 
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tlien  plotted,  and  from  the  area  of  the  resulting  curve  the  value 
of  tlie  radint^  of  a  circle  of  equal  area  ie  (.-alcnlated.  This  radius 
gives  the  value  of  the  mean  iieininplierical,  or  spherical  candle- 
|)ower,  a»  tiie  case  may  be. 

By  iiieai>i«  of  a  standard  caudle  (Dritiuh,  having  a  45  millimetre 
Hame)  an  incandescent  lamp  was  calibrated  at  a  constant  voltage, 
obtained  by  the  use  of  several  resistance  boxes  in  parallel  and 
all  in  series  with  tlie  latn}).  This  lamp  was  recalibrated  at  fre- 
quent intervals. 

The  inner  globes  furnished  by  the  different  manufacturers 
vary  in  density,  from  a  globe  that  will  show  the  unlit  carbons 
inside  very  plainly,  to  a  form  that  is  so  dense  as  to  be  translu- 
cent, but  not  transparent.     This  latter  form  diifuses  the  light 


Fio.  9.— Shadows  gf  Side  Rod  and        Fio.  10.— Opul  Inner  Globe,  used 

Cnrbon  Tip  from  use  of  Clear  for  makin);  Outer  Globe  free 

Inner  Qlobe.  from  Shadows, 

better  than  a  thinner  globe,  although  cutting  off  more  light. 
All  the  opal  globes,  when  held  up  to  a  window,  show  a  reddish 
orange  color,  which  has  the  effect  of  softening  the  violet  light 
cast  by  the  naked  arc.  The  use  of  a  fairly  dense  opal  inner 
globe  and  a  light  outer  globe  gives  a  soft  light  that  is  pleasing  to 
the  eye  and  free  from  shadows.  Figs.  9  and  10,  which  are  repro- 
ductions from  photographs,  show  the  shadow  cast  when  a  clear 
inner  globe  is  used,  and  the  softening  effect  of  an  opal  inner 
globe,  which  tnakes  a  light  entirely  free  from  shadows,  not  even 
the  side  rods  showing.  Wlien  an  opal  globe  is  need,  it  appears 
hke  a  solid  source  of  Hght,  It  is  this  effect  that  does  away  with 
the  shadows  of  the  side  rods.  The  shadow  cast  by  the  bottom 
of  the  lamp  is  also  made  very  small,  so  that  the  effe:-t  to  the  ere 
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ia  that  of  a  bright,  even  illuiniuation,  apparently  as  much  as  the 
illumination  from  the  naked  arc,  although  the  intensity  has  been 
out  down  considerably  by  the  globes.  This  is  due  to  the  fact 
that  a  light  very  intense  in  one  spot  seems  to  give  no  more  illu- 
mination than  a  diffused  light  of  smaller  total  value. 

The  distribution  given  by  an  open  arc  lamp  is  not  the  same  as 
that  from  an  enclosed  arc  lamp.  The  maximum  in  the  latter  is 
at  an  angle  of  25  degrees  below  the  horizontal  instead  of  40 
degrees.  The  intensity,  after  decreasing,  reaches  another  high 
value  at  40  degrees,  but  not  quite  as  great  as  at  25  degrees.   We  can 
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give  no  explanation  of  the  peculiar  form  of  the  curve  obtained 
witli  clear  glass,  except  that  it  is  due  to  the  globe,  as  a  naked  arc 
would  seem  to  have  no  cause  for  the  uneven  curve  as  shown. 
The  same  general  variation  is  shown  in  a  test  on  the  Manhattan 
lamp  by  Houston  and  Kennelly  (Fig.  II). 

The  comparative  distribution  of  light  in  both  forms  of  arc  ia 
shown  by  Table  X.  The  figures  given  for  the  open  arc  are 
those  of  Wybauw,  Palaz  "  Industrial  Photometry,"  p.  236. 

These  are  comparative,  not  absolute  values.  It  will  be  seen 
that  the  enclosed  arc  gives  a  wide  zone  of  illumination  that  is 
not  far  from  the  maximum. 
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TABLE  X. 


ANGLE  BELOW 
HORIZONTAL. 

0 

10 


20. 
25 

ao 

40. 

no. 
eo. 

70. 


NCLOSBD 

OPEN 

AftC. 

AEC. 

182 

455 

906 

401 

755 

618 

1000 

900 

871 

990 

1000 

888 

807 

548 

457 

465 

188 

cltdr  innttr  al*^*    only 
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Fio.  12.— Curves  from  Tables  XI  and  XII. 
TABLE  XI. 

Clear  Inner  Globe, 
angle  from  horizontal.  candle  pow^r. 

20  above 89 

10  above 82 

0 139 

10  i)elow 501 

20  below 980 

25  below 1897 

30  below     1300 

40  below 1855 

50  below 1060 

60  below 674 

70below 414 

Mean  hemi-spherical 850 
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The  actual  values  with  a  clear  inner  globe,  obtained  by  us,  are 
shown  in  Table  XI.  Replacing  the  clear  globe  with  an  opal 
one,  we  obtained  the  values  given  in  Table  XII.  All  of  these 
resulte  are  shown  graphically  in  Fig.  12. 

TABLE  XII. 

Opal  Inner  Globe, 
anolb  from  horizontal.  candle  power 

20  above 1 62 

10  above 184 

0 347 

10  below 455 

20  below 785 

30  below 985 

40  below 1050 

60  below 969 

60  below 855 

70  below •. . .  734 

Mean  hemi-spherical 770 

With  opal  globes,  the  angle  of  maximum  illumination  is  at  40 
degrees,  the  same  as  in  the  open  arc,  and  the  reading  for  25 
degrees  is  between  the  values  for  20  and  30  degrees.  Thiii 
particular  opal  globe  cut  oif  at  least  10^;^  more  light  than  the 
clear  globe. 

Light  Cut  Off  by  Outer  Globe. 

The  amount  of  light  cut  off  by  the  outer  globe  varies  for  dif- 
ferent globes,  and  even  for  the  same  globe,  according  to  the  angle, 
the  actual  figures  found  being  from  84^  to  40^  for  the  same 
globe,  the  highest  value  observed  for  any  globe  being  oOji^.  This 
effect  is  shown  by  Table  XIII. 

TABLE  XIII. 


Angle  below  horizontal. 


o 

20 

40 
60 


Mean  hemi-hpherical. 


Candle  Power. 
Opal  inner  globe. 


184 

844 

tiio 

327 

652 


Candle  Power. 
Opal  inner  and  outer  globe. 


"3 

442 
568 
180 
380 


HOLOPHANE    GLOBE. 

This  is  a  globe  of  clear  glass,  made  with  vertical  grooves 
inside  and  horizontal  grooves  outside.  It  is  from  the  design  of 
Blondel,  and  theoretically  each  groove  has  a  different  outline 
through  its  section.^    The  object  is  to  get  as  near  a  perfect  diffu- 

1.  For  a  full  description  of  the  *' Holophane  Globe"  see  Eleetrieal  World 
Jan.  23,  1897,  by  E.  L.  Elliott. 
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sion  without  loss  from  absorption  as  iX)S8ible.  Practically,  the 
globe  is  made  in  several  zones  having  the  same  form  of  groove 
throughout  a  given  zone,  but  different  in  the  next  one.  The 
most  noticeable  change  we  observed  from  its  use,  was  in  the  hori- 
zontal diffusion.  For  a  given  angle,  the  readings  in  different 
directions  around  the  lamp  were  very  nearly  alike,  whereas  in 
the  ordinary  globe  these  readings  were  sometimes  in  as  high  a 
itttio  as:  1  to  3. 


ele«.^  inner  olob«    only 

ols^l  inner    •*>     nolv^nont 

Fk;.  13.— Curves  for  Table  XIV. 
TABLE  XIV. 


1 
i 

Candle  Power. 
Clear  inner  globe. 

Candle  Power. 

Candle  Power. 

AokIc  b^Iovv  horirontal.    > 

1 

Clear  ^lobe  and 
holophane. 

Opal  Kiobe  and 
holophane. 

»37 

1 

'^ 

96 

lO 

335 

2Ki 

ao 

974 

496 

'3^ 

25 

1289 

783 

820 

30 

"73 

1043 

950 

40 

1378 

"55 

1116 

50 

1081 

1051 

9«5 

60 

707 

85a 

707 

70 

600 

699 

604 

Mean  h«  mi -spherical.... 

854 

776 

700 
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The  effect  of  the  holophaue  globe  on  the  distribution  is  shown 
by  Table  XIV  and  Fig.  13. 

The  holophane  fi^lobe,  therefore,  reduces  the  light  through  a 
clear  globe  only  9.2%.  This  seems  very  small,  bat  a  test  given 
in  the  Electrical  World,  Nov.  10,  1894  (Digest),  gives  two 
Values,  Vi%  and  9%. 

The  appearance  of  the  globe  to  the  eye  is  different  from  t)ie 
opal  globe ;  it  has  a  whiter  looking  light,  and  appears  darker  in 
portions,  whereas  the  opal  globe  appears  of  even  brightness.  A 
comparison  of  Figs.  14  and  15  with  Figs.  W  and  10  shows  this. 
Really,  none  of  the  globes  are  exactly  of  the  same  biigbtneiw  all 
over,  as,  in  the  development  of  tlie  negative,  only  a  jxirtiou 
appeared  at  lirHt,  and  not  the  wliolo  area  at  once. 


The  conibiuatinii  of  o|mi1  and  liolophanc  globes  given  above 
reduces  the  moan  Iietnir>plierica1  candle-power  IS.  1;^'  from  that 
given  tlironjih  a  clear  globe. 
.  Briefly  stated,  we  find  : 

For  two  clear  jjlass  globes,  allowing  .'i;/  to  S;,'  absorption  for 
the  onter  one,  the  watts  per  candle  are  abont  (K:>,  and  the  can- 
dles jH?r  watt  I.'.t : 

With  opal  inner  and  clear  outer,  watts  per  candle  0.511  to  O.I><t, 
and  candles  per  watt  1.7  to  1.5  ; 

"With  both  inner  and  onter  opal,  watts  jK-r  candle  0.!>  to  1,  and 
candles  per  watt  1.1  to  1. 

Also,  the  efficiency  from  the  use  of  the  liolophane  globe  was 
but  little  less  than  with  the  ordinary  clear  outer  globe,  some  of 
the  latter  not  apjwaring  to  lie  of  goml  (juaHty. 
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LioHT  CvT  Off  by  Depobit  on  Innkb  Gixjbk. 
The  advant^e  of  long  life,  obtained  hy  the  nee  of  ]arf^r 
diameter  or  greater  length  of  carbon,  is  reduced  by  the  fact  that 
the  deposit  formed  on  the  inner  globe  cuts  off  cunsidentble  light. 
In  the  early  part  of  the  nin,  thix  is  not  objectionable ;  bnt  it 
would  seem  advisable  not  to  have  a  run  of  over  130  to  144> 
hours.  The  deposits  all  varied  in  density  in  the  same  general 
ratio,  the  thickest  being  at  the  top,  and  the  bottom  being  slightly 
heavier  than  the  middle.  The  coating  was  analyzed,  and  found 
to  contain  ferric  oxide  at  the  top,  carbon  dust  at  the  bottom,  and 
Biliea  all  over.  In  some  cases  it  was  impossible  to  clean  the 
globe  properly  without  the  use  of  water.  (We  are  informed 
that  the  New  York  Edison  Illuminating  Company  requires  its 
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trimnit-rK  to  carry  extra  glolies  with  them,  so  that  if  any  arc  Htill 
hilt,  the  use  of  a  wet  ciotli  is  not  required  until  they  ean  be 
ciMiled,  thu  extra  globe  being  substituted.) 

The  two  j;lol>e8  shown  in  Kig.  lt>  show  a  <]e[>osit  in  the  case  of 
Nil.  1,  that  came  fnun  the  brass  cap,  fnsed  into  the  glass,  so  that 
water  would  not  remove  it ;  in  tlie  ca«e  of  No.  2,  it  is  a  de{)osit 
(if  carlMiii,  also  fused  int<t  the  glaKs.  The  carbon  rod  had  burned 
to  an  angle  of  nearly  +.5  degrees,  and  the  particles  were  pro- 
jected right  along  this  line. 

The  amount  of  light  cut  <)lf  by  dcjK>sttit  on  inner  glolie  ia 
sliown  by  Table  XV.  Aw  the  arc  is  low  down  in  the  globe  at 
the  end  of  the  rnn,  the  deposit  at  top  liaa  little  effect.  The 
middle  and  liottom  are  the  important  parts. 
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The  effect  of  tlie  holopliane  globe  on  the  distribution  is  eliowii 
by  Table  XIV  and  Fig.  13. 

The  holophane  ^lobe,  therefore,  reduces  the  light  througli  a 
clear  globe  only  9.2J6.  Thia  seeme  very  email,  bnta  test  given 
in  the  Electrical  World,  Nov.  10,  1894  (Digest),  gives  two 
Values,  13^  and  9^. 

The  appearance  of  the  globe  to  the  eye  is  different  from  the 
opal  globe ;  it  has  a  whiter  looking  light,  and  appears  darker  in 
portions,  whereas  the  opal  globe  appears  of  even  brightne^e.  A 
comparison  of  Figs.  1+  and  15  with  Fige.  9  and  10  diowg  this. 
Really,  none  of  the  glubeu  art:  exactly  of  the  same  hi-igbtnesH  all 
over,  as,  in  the  deveh>pinent  of  the  negative,  only  a  pdrtiou 
appeared  at  first,  and  not  the  whole  area  at  once. 


The  (.-oinbinatiim  of  o[wl  and  holophane  globew  jrivcii  above 
reduces  the  mean  hcmisphencRl  candle-jiower  IS. Ifr'  from  that 
given  thronj:li  a  clear  glohe. 
.  IJricHy  slated,  we  find  : 

For  two  clear  glass  globos,  allnwing  ,">;>'  to  s;,'  absorption  for 
tlie  outer  one,  the  warts  per  cantlle  are  about  O.S,  and  the  can- 
dles ]>er  watt  1 .!' ; 

With  opal  inner  and  clear  outer,  watts  per  candle  O.ofi  to  O.fiit, 
and  candies  per  watt  1.7  to  l.'j ; 

With  both  inner  and  outer  opal,  watts  per  candle  0.9  to  1,  and 
candien  per  watt  1.1  t<i  1. 

Also,  the  efficiency  fruni  the  oi-a  of  the  holophane  globe  was 
Imt  little  lews  than  with  the  ordinary  clear  outer  globe,  some  of 
the  latter  not  a|)peHring  to  be  of  good  finality. 
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LioHT  Clt  Off  by  Dbpobit  «n  Innkr  Globk, 
The  advantage  of  long  life,  obtained  by  the  nee  of  lai^fer 
diameter  or  greater  length  of  carbon,  is  reduced  by  the  fact  that 
the  deposit  formed  on  the  inner  globe  cntA  off  considerable  light. 
In  the  early  part  of  the  nin,  this  is  not  objectionable ;  bnt  it 
would  seem  advisable  not  to  have  a  run  of  over  130  to  14ft 
hours.  The  deposits  all  varied  in  density  in  the  same  general 
ratio,  the  tliickest  being  at  the  t«p,  and  the  bottom  being  slightly 
heavier  than  the  middle.  The  coating  was  analyzed,  and  found 
to  contain  ferric  oxide  at  the  top,  carbon  dust  at  the  bottom,  and 
silica  all  over.  In  some  cases  it  wan  impossible  to  clean  the 
globe  properly  without  the  wse  of  water.  (We  are  informed 
that  the  New  York  Edison  Illuminating  Company  requires  its 


tritinnurs  to  carry  extra  globes  with  them,  so  that  if  any  i<rc  still 
hot,  Hie  use  of  a  wet  cloth  is  not  required  until  they  can  be 
cooled,  th(!  extra  globe  being  substituted.) 

The  two  gh)beB  shown  in  F"ig.  It!  sluiw  a  de)x>sit  in  the  case  of 
No.  1,  that  came  fnnn  the  brasfi  cap,  fused  into  the  glass,  so  that 
water  would  not  remove  it;  in  the  cajse  of  No.  '2,  it  is  a  deposit 
of  carbon,  also  fused  into  the  glass.  The  carbon  nxi  had  burned 
to  an  angle  of  nearly  4.5  degrees,  and  the  |>articlcs  were  pro- 
jected right  along  this  line. 

The  amount  of  light  cut  off  by  deposits  on  inner  glol>e  is 
shown  by  Table  XV.  As  the  arc  is  low  down  in  the  globe  at 
the  end  of  the  nin,  the  deposit  at  top  has  little  effect.  The 
middle  and  liottoin  are  the  important  parte. 
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TABLE    XV. 

TB8T.  TOP  OF  GLOBE.      MIDDLE.  BOTTOM. 

a m  20j{  205j< 

0 . » » ■.   .....     48j(  lo%  " 

6 60jr  14%  lajg 

Insulation  of  Lamp. 

The  tests  made  were  with  the  tail-piece  as  one  terminal,  and 
the  other  parts  of  the  lamp  in  turn  as  the  other,  the  tenninale  of 
the  lamp  itself  being  included ;  also,  between  the  shell  and  the 
lamp  terminals.  Only  lamps  Xos.  4,  5  and  7  were  completely 
insulated. 

Conclusion. 

To  sum  up,  we  find  these  advantages  of  the  enclosed  arc  lamp 
over  the  open : 

IjOng  life,  and  consequent  saving  of  carbon,  trimming  ex[>ense8 
and  annoyance  from  frequent  renewals  ; 

Pleasant  light,  free  from  hissing  and  spluttering,  and  with 
very  little  flickering ; 

Absence  from  flying  dust  and  sparks,  and  fireproof  qualities 
resulting  from  the  use  of  two  globes  ; 

Being  run  on  the  incandescent  circuit,  there  is  no  danger  from 
high  potentials,  and  no  need  of  an  automatic  cut-out ; 

Simplicity  of  mechanism,  and,  consequently,  less  need  of 
repairs. 
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Discussion. 

The  l^RKsiDKNr : — 1  would  like  to  ask  Dr.  Kennelly,  who  ob- 
tained results  similar  to  these,  if  he  has  any  explanation  for  them 
— that  the  distribution  of  the  light  of  an  enclosed  arc  lamp  has 
the  -general  form  represented  in  Fig.  1 1 . 

Dr.  Kennellv  : — In  regard  to  the  peculiar  wing-shaped  curve 
of  luminous  intensity,  when  we  made  the  measurements  to  which 
the  President  has  just  referred,  we  noticed,  of  course,  that  ab- 
normal upper  development,  which  is  absent,  I  believe,  in  the  case  of 
the  naked  arc,  and  we  assumed  at  the  time  that  it  was  due 
to  light  reflected  from  the  inner  globe  upwards  to  a  zone  above 
the  positive  carbon.  In  other  words,  had  the  inner  globe  not 
been  there,  the  entire  prominence  would  have  been  about  45-de- 
grees  below  the  horizontal  plane  through  the  arc;  but  with  the 

flobe  in  place,  many  of  the  rays  so  transmitted  were  thrown 
aek  again  by  reflection  to  an  upper  zone. 

Prof.  Owkxs  : — I  would  like  to  ask  if  the  shape  of  that  curve 
is  altered  by  the  peculiar  form  of  the  small  enclosed  globe  i 

The  President: — 1  might  answer  both  the  statements  by  say- 
ing that  it  was  suspected  that  the  light  reflected  from  the  inner 
globe  was  the  cause  of  that  peculiar  distribution,  but  it  was  not 
possible  to  j)rove  that  fact,  and  the  test  made  with  different  forms 
of  globe,  1  believe,  did  not  add  anything  to  the  knowledge.  Un- 
doubtedly that  must  l)e  the  cause  ;  there  would  seem  to  be  no 
other,  and  possibly  changing  the  form  of  the  inner  globe  con- 
siderably, would  prove  tnis  to  be  the  cause:  but  no  conclusive 
test  has  been  made,  so  far  as  I  know. 

Mr.  L.  p.  Marks  : — I  have  no  doubt  that  the  form  of  the 
small  globe  influences  the  shape  of  the  curve.  By  using  a  globe 
that  has  a  very  marked  curvature,  instead  of  a  long  flat  globe, 
you  get  a  different  candle-power  curve;  that  kink  in  the 
curve  is  not  very  common  in  globes  that  vary  in  form 
from  the  usual  shape.  I  presume  that  the  writers  of  the  paper 
did  not  find  much  difference  in  the  various  curves,  because  the 
small  bulbs  which  they  tested  are  all  very  much  the  same  in 
shape. 

I  have  been  very  much  interested  in  some  parts  of  this  paper, 
and  note  on  page  427  one  of  the  lamps  I  designed  and  some  tet^ta 
made  on  it.  1  find  that  the  authors  obtained  results  which  are  very 
much  the  same  in  some  cases  as  those  of  former  experimenters. 
Indeed  the  work  of  Thomson,  and  Blondel,  and  Nichols,  and 
some  of  my  own  researches  seem  to  have  brought  out  most  of  the 
general  results  that  are  given  in  this  paper.  I  have  not  had 
time  to  examine  it  very  carefully,  but  1  think  perhaps  a  few 
statements  in  regards  to  some  of  the  matters  that  are  presented 
may   be   of   interest. 

On  page  480  we  have  a  curve  for  the  relation  between 
voltage  ac^ross  the  arc  and  length  of  arc.  While  it  is  true 
that   this  curve  is- of    some    value    in    representing    the    ratio 
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alluded  to,  still  I  hardly  think  that  it  would  be  safe  to 
nee  a  curve  of  this  kind  as  a  basis  for  any  important  measure- 
ments,  because  it  seems  to  me  that  that  curve  is  really  one  ex- 
pressicm  of  the  ratio  between  the  voltage  and  lenfi^h  of  arc  of  this 
])articular  lamp.  This  ratio  varies  very  greatly  in  different  lamps 
and  in  fact  even  in  the  same  lamp.  If  you  take  two  cored 
carbons,  for  instance,  you  will  find  tliat  the  ratio  varies.  You  will 
also  find  that  a  figure  such  as  eighty-three  volts  corresponding  to 
the  length  of  .023  of  an  inch,  as  given  in  Tables  VI.,  may  not  apply. 
It  may  be  20  or  25  per  cent.  off.  Again  the  ratio  will  naturally 
depend  on  the  position  of  the  arc  in  the  bulb.  The  authors  do 
not  give  the  conditions  under  which  this  particular  test  was 
made,  and  without  these  conditions  the  tests  lose  much  of  their 
value.  If  the  arc.  for  instance,  is  at  the  top  of  the 
bulb,  the  ratio  will  be  quite  different  from  what  it  would 
be  if  the  arc  were  at  the  bottom  of  the  bulb.  The  ratio  natur- 
ally varies  with  the  amount  of  air  that  enters  the  bulb.  We 
will  assume,  for  instance,  that  in  this  lamp  which  the  authors 
tested,  the  bulb  is  air-tight  at  the  time,  and  the  arc  ir^  near  the 
top.  Then  take  a  condition  in  which  there  is  a  small  amount 
of  air  entering  the  bottom,  as  there  is  in  some  of  these  lamps  1 
presume,  and  we  will  assume  that  the  arc  instead  of  being  placed 
at  the  top  is  placed  near  the  bottom, — 1  will  venture  to  say  that 
there  will  be  a  difference  of  i)erliaps  30  to  35  per  cent, 
between  the  measurements  thus  obtained  and  in  the  values  given 
in  this  table.  I  have  made  quite  a  numl>er  of  test^^  and  1  find 
that  it  is  very  difficult  to  give  anv  particular  curve  that  will 
come  near  truly  rejoresentinti:  this  ratio. 

The  regulation  of  the  lamps  is  a  matter  which  of  course 
requires  a  great  deal  of  time  to  ascertain  with  absolute  cer- 
tainty. The  authors  have  gone  to  a  great  deal  of  trouble, 
apparently,  to  measure  the  lamj)s,  and  I  am  glad  to  find  they 
have  given  us  the  results  of  tests  which  cover  a  period  of 
months  instead  of  a  |)eri()d  of  weeks,  iis  is  often  done. 

There  is  a  very  interesting  ])oint  in  the  paper  which  the  authors 
have  not  gone  into  very  fully — perhaps  one  of  the  most  interesting 
points  in  connection  with  the  enclosed  are,  and  that  is  the 
voltage  at  which  an  enclosed  arc  can  be  safely  and  steadily  nin 
as  compared  with  the  voltage  of  the  mains  at  which  such  an  arc 
can  be  run.  The  nature  of  their  tests  is  very  much  the  same  as 
those  of  Professor  Thomson,  which  were  recorded  in  a  paper 
read  by  him  at  the  convention  of  the  National  Electric  Light 
Association  at  Niagara  last  month.  Their  results  are  however  some- 
what different  than  his,  and  I  may  say  that  the  results  of  Professor 
Thomson,  and  those  given  in  this  paper,  are  (|uite  different  from  my 
own.  Take  BlondeFs  measurements  made  in  Paris  and  you 
find  these  are  different,  and  some  recent  meai=;uremeiits  of  one  of 
Dr.  NichoPs  students  at  Cornell  are  also  differcTit.  We  have 
five   or  six   sets  of   measurements  none  of  which  coincide.     It 
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Wotild  Beem  to  me  that  it  would  be  extremely  valaable  for  mtHA 
one  to  take  ap  that  particular  part  of  the  table  and  enlarge  upon 
it.  I  have  no  doubt  that  a  thorough  study  of  this  one  point 
Would  bring  out  a  very  valuable  series  of  figures  of  which,  at  the 
present  time  we  have  no  exact  knowled^  at  least  as  far  as  pub- 
lished data  are  concerned.  I  may  say  with  regard  to  the  remarks 
itiade  by  the  authors  of  the  paper,  that  while  they  claim  that 
an  arc  cannot  be  run  steadily  below  a  certain  voltage  of  the 
mains,  which  I  believe  they  figure  here  about  ninety-nve  or  so, 
that  this  is  hardly  true,  and  will  depend  on  conditions.  I  presume 
they  took  the  commercial  lamps  in  the  market:  they  used  the 
ordinary  bulb,  and  so  on;  but  if  you  vary  these  conditions, 
that  i9,  change  the  diameter  of  your  carbon  and  the  amount  of 
current,  change  the  size  and  perhaps  the  shape  of  the  bulb  and  the 

f>06ition  of  the  arc  in  the  bulb,  and  the  nature  of  the  gas  check 
fig  devices  and  the  quality  of  the  carbon,  etc.  you  will  find  probably 
that  an  arc  may  be  run  at  a  voltage  which  is  very  close  to  that  of 
the  mains  under  some  eonditiouB;  so  that  the  broad  statement  that 
an  arc  run  on  mains  that  are  below  ninety-five  volts  is  unsteady, 
would  hardly  be  true  ;  it  would  depend  on  conditions,  and  although 
the  authors,  to  be  sure,  confine  their  measurements  to  certain 
commercial  lamps,  still  it  is  rather  misleading  to  read  their  state- 
ment which  apparently  refers  to  all  lamps  of  this  type.  Then 
again  as  the  voltage  of  the  mains  goes  down,  it  is  aclvisable  in 
order  to  run  an  enclosed  arc  steadily,  to  operate  at  slightly  lower 
voltage  of  the  are.  Now  the  authors  have  adhered  to  sev- 
enty-eight volts  at  the  arc.  They  cut  out  resistance  and  they 
lower  the  voltage  of  the  mH.ius,  yet  they  keep  the  figure  seventy- 
eight  volts  at  the  are.  Under  those  conditions  it  was  quite 
natural  that  the  arc  should  be  unsteady  at  a  lower  voltage  oi  the 
mains,  and  I  think  that  if  they  had  reduced  the  voltage  of 
the  arc  when  they  i*educed  the  voltage  of  the  mains  they 
would  have  gotten  entirely  different  results.  So  that  the  figures 
here  apply  to  a  very  narrow  set  of  conditions. 

I  will  not  toucli  on  the  mechanical  points  they  refer  to, 
although  naturally  a  great  deal  might  be  said.  I  shall  try  to 
confine  myself  as  closely  as  possibie  to  purely  technical  points. 

<  )n  page  485  at  the  lower  part  of  the  page,  paragraph  3,  the 
authors  say : 

''  The  size  of  the  enclosing  globe  aflFects  the  life,  it  being  less 
"  by  a  slight  amount  for  a  smaller  globe.  All  the  other  condi- 
*'  tions  being  the  same,  a  lamp  having  a  smaller  globe  will,  during  a 
^*  given  run,  have  its  globe  replenished  with  air  from  the  out- 
"  side  oftener  than  if  it  had  a  larger  globe.'' 

I  think  that  that  statement  is  open  to  question.  Anybody  who 
has  experimented  with  various  sizes  of  enclosing  bulbs  will  have 
found  that  there  is  quite  a  marked  difference  in  favor  of  the 
smaller  bulb;  that  is,  with  a  smaller  bulb,  under  ordinary  con- 
ditions, the  life  per  inch  of  carbon   is  greater.     True  enough, 
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^Q  do  not  get  the  total  life  of  100  or  150  hours,  because  there  is 
not  suflScient  carbon  ;  but  the  life  per  inch  of  carbon  consnmed 
is  ordinarily  greater,  in  some  cases  considerably  greater,  with  the 
smaller  bulb.  Naturally  in  changing  the  size  of  the  bulb,  in 
order  to  get  the  best  results,  it  is  necessary  to  change  other  con- 
ditions—to change  the  gas  checking  eflFects  for  instance  whatever 
they  may  be.  But  I  believe  that  generally  speaking,  the  life  of  a 
carbon  is  increased,  or  the  consumption  of  carbon  per  unit  time 
is  decreased  with  decrease  in  the  size  of  the  enclosing  bulb. 

On  page  436  we  have  different  forms  of  gas  caps.  The  gas  cap 
is  quite  well  known  now.  A  few  years  ago  I  gave  it  the  name  of 
"  gas  check."  All  these  forms  of  gas  caps  are  the  same  in  principle. 
Tney  consist  simply  of  some  chamber  device  for  holding  part  of 
the  gas  formed  by  the  action  of  the  arc,  and  in  that  way  acting 
as  a  check  against  the  ingress  of  air  and  egresss  of  gas. 

On  page  437  there  is  a  very  interesting  point  which  Dr.  Crocker 
alluded  to,  I  believe,  as  miraculous  or  important. 

The  President  : — Only  peculiar. 

Mb.  Marks: — Well  1  admit  that  at  first  sight  it  does  appear 
very  peculiar.  But  the  explanation  of  it  seems  to  be  ouite  sim- 
ple. In  most  lamps,  as  is  stated  in  the  paper,  the  relative  life  of  the 
positive  and  negative  carbons  respectively  changes  as  the  arc 
descends  in  the  bulb.  Now  here  is  an  apparent  exception  to  the 
rule.  The  average  ratio  is  about  1  to  2^  or  3,  1  believe.  My  own 
measurements  are  a  little  different  from  that — perhaps  1  to  4;  but 
they  find  a  case  1  to  10  given  on  Table  9,  page  43t).  That  would 
be  accounted  for  in  several  ways.  If  the  voltage  of  the  are 
decreases,  the  ratio  natumlly  increases,  and  at  a  certain  volt- 
age of  the  arc  and  a  certain  current,  it  is  possible  to  in- 
crease the  ratio  so  greatly  as  to  approach  infinity.  That  is, 
instead  of  having  a  ratio  of  1  to  2  or  3,  or  1  to  lu,  you  may  go 
up  to  1  to  20  or  1  to  50,  or  more,  depending  on  the  voltage  of  the 
arc  and  the  current  passing  at  the  time. 

Kegarding  the  photometric  tests,  1  think  we  have  spent  a 
great  deal  01  time  in  photometric  measurements,  and  it  seems  to 
me  that  to  a  certain  extent  it  is  time  wasted.  With  the  enclosed 
arc,  the  character  of  the  light,  that  is,  the  quality  of  the  light  is 
quite  different  from  that  of  the  standard  adopted  in  order 
to  make  the  measurements  comparable  with  others,  and  I  think  in 
some  cases  the  relative  measurements  of  candle  power  would  be 
meaningless.  The  authors  state  very  truly  that  the  candle  power 
measurements  are  not  to  be  relied  upon,  and  they  give  their 
reasons.  They  refer  to  the  difference  in  value  between  the 
standard  source  of  illumination  and  the  arc,  and  the  very  marked 
difference  in  the  color  of  the  light,  and  point  out  that  the  incandes- 
cent lamp  gives  an  orange  light  even  when  run  at  its  normal 
voltage.  They  also  refer  to  the  personal  error  in  comparing  the 
lamps.  1  think  perhaps  more  importance  should  be  attached 
to   this    last  point   than  is  given  here.     Different  experimenters 
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will  get  quite  different  results.  In  Ithaca  we  made  measure- 
raents  of  the  enclosed  arcs,  and  we  had  ten  watchers,  and  there 
was  a  difference  of  over  50  per  cent  in  the  maximum  and  mini- 
mum readings  taken  at  the  same  angle.  Of  course  this  difference 
is  enhanced  by  the  "wandering"  of  the  arc.  I  am  glad  to  see  tests 
given  on  the  holophane  globe.  I  think  this  is  the  first  time  that  any 
measurements  have  l)een  given  of  the  relative  value  of  the  light 
with  and  without  such  a  globe,  that  is  with  the  enclosed  arc  lamp. 
I  know  that  when  this  question  was  asked  me  abroad  by  Prof. 
Blondel  I  had  to  admit  that  we  had  not  made  any  tests  in  thi» 
country. 

On  page  447  referring  to  the  two  bulbs,  1  hardly  know  how  to 
account  for  the  deposition  of  carbon.  In  case  No.  2,  it  is  noted 
that  there  is  a  deposition  of  carbon  at  the  lower  end  of  the  bulb 
which  the  authors  state  was  burned  into  the  bulb.  If  the  lamp 
were  operating,  as  it  does  normally,  it  seems  to  me  that  thia 
deposition  should  not  occur.  I  do  not  know  what  lamp  these  biilbs 
belong  to.  In  fact  I  do  not  know  the  key  to  the  paper.  But  I 
have  seen  bulbs  of  this  particular  kind  ojxjrate  in  service,  and  if 
I  am  not  mistaken  there  are  several  thousand  of  them  in  New 
York  City,  and  the  bulb  which  I  am  referring  to,  certainly  does 
not  give  the  trouble  alluded  to  here.  We  have  had  practically  no 
complaints  regarding  the  burning  in  of  carbon  or  incrustation  of 
carbon  in  the  lower  part  of  the  bulb,  and  I  think  that  if  the 
authors  had  operated  the  lamp  under  different  conditions,  or  per- 
haps normal  conditions,  they  would  have  obtained  different  results. 
In  other  words,  nothing  but  an  abnormal  condition  would  account 
for  the  incrustation  of  carbon.  Regarding  the  deposition  of 
brass  or  some  metal  in  the  upper  part  of  the  bulb,  that  is  probably 
due  to  allowing  the  arc  to  play  too  high  in  the  bulb,  probably 
very  close  to  the  gas  cap. 

The  conclusions  drawn  by  the  writers  seem  to  cover  almost  all 
the  advantages  of  the  enclosed  arc  lamp.  There  is  perhaps  one 
point  of  some  importance  which  they  have  neglected  to  allude  to, 
and  that  is  the  ability  to  run  these  lamps  singly  on  an  incandes- 
cent circuit.  They  refer  to  that  in  the  paper,  but  in  summing  up 
the  advantages  of  the  enclosed  arc  over  the  open  arc  lamp,  they 
have  accidentally  omitted  this  point.  In  many  cases,  such  as 
small  stores,  it  was  necessary  formerly  to  run  two  lamps  in  series. 
Now  it  is  possible  to  furnish  a  single  lamp  to  meet  the  demand. 
I  have  a  note  here,  stating  that  it  is  to  be  regretted  that  the 
lamps  should  have  been  numbered.  It  would  have  added  very 
greatly  to  the  paper,  I  think,  to  have  stated  the  names  of  the 
lamps,  giving  us  the  key  to  the  situation.  I  know  that  I  for 
one  could  have  discussed  the  paper  impartially  and  perhaps 
thrown  more  light  on  some  of  the  peculiarities  which  the 
authors  found,  llowever,  I  suppose  that  it  was  impossible  to  do 
this  under  the  circumstances.  That  is  all  I  have  to  say  regarding 
the  paper,  except  to  add  that  I  am   very  much  pleased  to  «ee 
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that  the  authors  have  gone  into  the  matter  so  thoroughly;  eyeo 
if  they  have  not  presented  many  new  points  they  have  at  lafi^it 
chronicled  facts. 

Mb.  Hollon  C.  Spaulding  : — I  wish  to  add  a  word  of  appre- 
ciation to  the  paper  on  this  subject,  which  has  become  of  daily  im- 
portance^ and  to  b(;ing  out  one  or  two  points  that  1  would  like  tq 
get  some  more  information  on.  Table  No.  8,  given  on  page  437 
Dhows  a  condition  of  things  rather  different  from  what  those  of  i)(i 
who  are  principally  on  the  commercial  side  have  thought  to  be 
the  fact.  1  would  like  to  know  whether  these  tests,  </,  5,  c,  4t 
and  e^  were  made  on  one  lamp,  (suggesting  also  the  desirability 
of  knowing  what  lamp  it  was,)  or  whether  the  different  tests 
were  on  different  lamps;  also  referring  to  the  statements  on 
pfi^e  439  about  the  possibility  of  having  a  shellac  coating  oa 
the  upper  carbon  rod.  and  the  reference  again  on  page  447  to  Ihe 
carbon  rods.  Jt  may  not  be  out  of  place  to  call  attention  to  the 
fact  that  one  of  the  lamps  has  no  carbon  rod,  and  my  own  expe- 
rience has  been  such  that  I  feel  very  strongly  inclined  to  add  to 
the  re<[uisites  of  successful  enclosed  arclanips  on  page  429,  that 
they  should  have  no  carbon  rod.  Beyond  that,  and  perhapi^ 
acknowledging  the  inadvisability  of  knowing  wliich  lamp  waa 
used  for  each  test,  it  might  perhaps  be  fair  to  know  what  carbona 
were  used,  or  if  different  kinds  were  used. 

TuK  Presidknt  : — As  to  the  first  point  I  think  that  the  tests 
of  life  on  page  437  were  on  different  lamps.  In  regard  to  the 
carbons,  they  were  the  ordinary  carbons  used  by  tlie  different 
iQanufacturers,  that  is  to  say,  the  carbons  that  were  recommended 
to  go  with  the  ianop  and  supplied  with  it. 

Sb.  J^akks: — rrobably  ''Electra"  carbons. 

Mr.  Spauldinc*  : — That  would  be  so  in  the  case  of  the  Man* 
hattan. 

The  Pbksidbnt:— I  am  glad  that  Mr.  Marks  was  able  to  give 
us  the  benefit  of  his  long  experience  in  discussing  this  paper,  be- 
cause the  paper  was  taken  up  from  an  entirely  different  stand- 
point.. Absolutely  disinterested  parties  simply  took  lamps  as 
they  found  them,  the  standard  lamps  on  the  market,  and  gave 
them  a  pretty  thorough,  and  certainly  an  impartial  test,  and  it 
was  not  intended  to  go  into  the  general  theory  of  such  lamps — 
the  physics  of  it,  you  might  say,  but  of  the  engineering  problem 
to  decide  what  these  different  lamps  will  do,  and  by  parties  who 
were  not  interested  in  any  way  in  the  different  lamps.  To  give 
the  actual  names  of  the  different  lamps  was  not  considered  ex- 
actly proper,  although  it  was  stated  that  they  were  representative 
types.  All  the  lamps  were  included,  but  individualizing  was 
carefully  avoided,  and  I  think  wisely  under  the  circumstances. 
Any  considerable  variations  in  conditions  were  of  course  impossible, 
because  the  lamps  were  simply  taken  as  they  were  found, and  used 
as  recommended  by  their  manufacturers  which  would  seem  to  bo 
the  ordinary  condition  of  practice.  There  is  very  little  information 
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on  tliie  subject  available,  particularly  from  disinterested  parties,  and 
it  was  tliougbt  that  the  same  information  that  was  useful  to  us 
would  be  useful  to  others,  and  I  might  add  that  the  investigi^tion 
was  originally  taken  up  with  the  idea  of  determining  for  Columbia 
University  whether  it  would  use  these  lamps,  and  if  sp,  whicb 
ones. 

Mr.  Stkinmetz  :  —I  have  been  very  much  interested  in  this 
paper,  and  in  the  discussion  bv  Mr.  Marks.  There  i^  however 
one  point  which  I  believe  nceos  some  further  elucidatiop,  sinee 
it  may  lead  to  mistakes.  That  is  on  page  44H.  The  light  ejBSciency 
is  given  tiiere,  but  it  does  not  state  whether  the  power  consumed 
by  the  ai^  alone  has  been  considered  or  the  power  consumed  by 
the  whob  lump  including  the  rheostat ;  furthermore  whetbw 
the  lamp  was  tcieted  when  new  or  after  running  some  time  %SLd 
with  a  deposit  formed  on  the  globe. 

The  values  given  there,  half  a  watt  per  candle,  appear  at  the 
first  view  abnormally  low — far  beyond  anything  reasonable.  But 
the  explanation  is  that  these  are  not  the  spherical  caudle  powers. 
Id  open  arc  lamps,  it  is  frequently  the  custom  to  measure 
^^  hemispherical '^  candle  powers,  considering  the  light  thrown  up- 
wards as  wasted — as  may  l)e  quite  proper — perhaps,  where  the 
arc  is  used  for  street  lighting.  The  enclosed  arc  nowever  tiudfi 
its  most  useful  field  in  mdoor  lighting,  in  competition  with  the 
incandescent  lamp,  and  in  this  case  the  light,  which  is  thrown 
upwards,  is  not  lost,  but  reflected  by  the  ceiling  and  to  a  large 
extent  even  more  useful  than  the  direct  light,  by  giving  a  diffused 
illumination  which  is  more  valuable  than  direct  illumination. 
Consequently  it  would  only  be  proper  to  measure  the  spherical 
candle  power,  and  then  with  two  clear  glass  globes  you  would 
get  one  watt  per  candle  and  with  one  opal  and  one  clear  globe, 
1.12  to  1.20  watts,  and  with  two  opal  globes  1.8  to  2  watto  per 
candle,  which  means  in  such  case  an  efiiciency  fairly  close  to  that 
of  the  incandescent  lamp.  Hence  the  enclosed  arc  lamp  takes  an 
intermediate  position  between  the  open  arc  and  the  incandescent 
lamp  in  itsemciency.  The  efiiciency  is  lower  than  that  of  the 
open  lamp  and  higher  than  that  of  the  incandescent  lamp.  It 
shares  witli  the  incandescent  lamp  many  valuable  features,  as  the 
long  life,  absence  of  danger  from  the  are,  etc.,  but  it  shares  the 
other  feature  that  the  light  decreases  with  the  time,  by  the 
blackening  of  the  globe,  it  has  however  the  advantage  of  the 
incandescent  lamp  in  the  latter  respect  that  the  (juality  of  light 
does  not  change;  it  remains  the  same  light  in  color,  but  de- 
creases in  brightness;  while  in  the  incandescent  lamp  the  light 
is  yellow  and  reddish. 

I  do  not  think  the  conclusions  drawn  in  the  paper  are  quite 
complete,  but  they  are  rather  one-sided,  only  the  advantages  being 
given.  The  open  arc  lamp  is  undoubtedly  a  very  valuable  piece 
of  apparatus.     But  it  has  disadvantages,  too. 

As  a  conclusion  I  may  then  add  as  disadvantages  of  the  en- 
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closed  arc  lamp— lower  efficiency  compared  with  the  open  arc, 
and  decrease  of  light  with  the  time  of  running. 

It  would  he  interestingalso  to  compare  it  with  the  incandescent 
lamp,  with  which  it  competes  in  indoor  lighting,  and  we  find  then, 
that  the  enclosi^d  arc  lamp  has  over  the  incandescent  lamp  the 
advantage  of  greater  efficiency  and  constancy  of  the  quahty  of 
light,  but  the  disadvantage  of  being  a  little  more  complicated  in 
its  operation  and  not  quite' as  handy,  and  besides,  not  allowing 
such  extended  subdivision  of  light,  having  necessarily  larger 
units  of  light. 

Mr.  Charles  T.Rittknhousk: — On  page  432  the  authors  bring 
out  the  point  that  a  saving  of  about  1^^  per  cent  was  obtained 
when  using  100  volts  compared  with  115  volts.  Mr.  Marks  has 
pointed  out  that  it  is  not  necessary  under  good  conditions  to  use 
any  external  resistance  at  all. 

Mr.  Marks  : — No,  exeiLse  me.  I  did  not  say  that.  I  said  the 
voltage  might  be  lower. 

Mr.  Rittenhouse: — I  understood  that  the  external  resistance 
was  not  absolutely  necessary.  Granting  that  external  resistance 
is  necessary,  1  should  like  to  know,  when  two  lamps  are  operated 
in  series,  whether  the  gain  would  be  greater  than  indicated  by 
these  results.  That  is  to  say,  would  one  lamp  tend  to  regulate 
another  lamp,  or  is  it  necessary  to  use  about  the  same  resistance 
in  each  of  them  i 

Mr.  Marks  : — Do  you  mean  when  two  lanij)s  are  operated  in 
series  and  on  a  220  volt  circuit  ^ 

Mr.  Rittenhouse  : — Yea. 

Mr.  Marks  : — Yes,  there  is  a  slight  gain  there,  inasmuch  as 
it  is  possible  to  operate  the  lamps  at  a  higher  voltage  at  the  arc. 
As  the  voltage  of  the  mains  goes  up  it  is  possible  to  operate 
lamps  in  series  as  high  as  100  volts  across  the  arc,  so  that  there 
would  be  a  gain  in  that  case. 

Mr.  RirrENHousE  : — I  should  like  to  ask  whether  it  is  neces- 
sary to  have  as  much  external  resistance  in  series  as  when  one 
lamp  is  used  alone.  That  is  to  say,  would  the  resistance  in  series 
of  the  two  lamps  be  double  that  used  in  the  one  lamp. 

Mr.  Marks: — No  ;  that  would  not  follow. 


Closing  Session.     Wednesday,  July  28th. 

The  President: — We  have  assembled  this  afternoon  in 
special  session  to  read  one  paper  from  this  morning's  list,  and 
the  one  assigned  for  this  evening  in  order  to  avoid  the  necessity 
of  holding  an  evening  session.  The  paper  to  be  considered  now^ 
is  on  '^Armature  Reactions  in  a  Rotary  Transformer",  by  Pro- 
fessor Robert  H.  Owens,  of  Lincoln,  Nebraska. 
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ARMATURE  REACTIONS  IN  A  ROTARY  CONVERTER. 
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It  was  primarily  desired  to  obtain  curves  showing  the  in- 
stantaneous distribution  of  induction  over  the  pole  faces  of  a 
rotary  converter  for  different  armature  positions  and  conditions 
of  loading. 

In  general  the  method  employed  to  effect  this,  consisted  in 
measuring  the  instantaneous  electromotive  forces  under  different 
conditions,  generated  in  a  series  of  small  equal  evenly  spaced 
coils  of  fine  wire  wound  over  the  armature  surface.  The  electro- 
motive forces  in  these  coils  in  any  position  were  of  course  pro- 
portional to  the  induction  density  in  that  part  of  pole  opposite  coil. 

The  machine  experimented  upon  is  of  the  well  known  conse- 
quent pole  type,  made  by  the  old  United  States  company.  Its 
output  is  3i  K.  w.  at  110  volts,  normal  speed  2,400  r.  p.  m. 

Fig.  1,  shows  two  views  of  machine.  At  the  commutator  end 
are  seen  three  slip  rings,  connected  to  commutator,  also  the  con- 
tact-maker at  the  end  of  shaft.  At  the  pulley  end  are  two  contact 
rings  to  which  the  several  test  coils  may  in  turn  be  connected. 
The  armature  is  drum  wound  with  smooth  core.  The  commuta- 
tor has  54  segments. 

The  machine  originally  designed  for  a  continuous  current 
generator,  was  changed  as  shown  into  a  3-phase  converter  by 
placing  slip  rings  on  the  armature  shaft  and  connecting  segments 
1,  19  and  37  of  the  commutator  respectively  to  rings  1,  2  and 
3.  No  suitable  3-pliase  generator  being  available,  it  was  used 
only  to  convert  continuous  into  3-phase  currents.  The  applied 
voltage  at  the  brushes  was  kept  exactly  at  110  volts,  the  energy 
being  supplied  by  a  15  k.  w.  Edison  generator. 
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IiiritatitaneouB  electryinutive  forces  wore  iueas»re<i  by  tlie  iiaual 
zero  method  iitiiug  t^leplioiic. 

Tlie  partif^iilar  contact  iiiiikvr  iiiiei)  may,  liowuver.  be  deitcrilietl. 
An  iron  ring  wtw  cast  in  tlie  fonii  iiK)ic«te<J  in  Fig.  2.  and  at- 
taclied  to  a  liard  riiltlier  disk  alHiiit  ^'  lliick:  a  a' are  ^lasa 
vredges  and  ii  iB  a  tliin  Ktt'i'l  i*l*H'k  ejiring  |>lH(*i:d  lit-twoon  them ; 


0  ix  »  M'rt-'W  witii  iiii'niati'd  lioinl  liy 
inttf  a  wedge  shnpcil  wlut  in  x\w  i 
The  metallic  stri|i  h  is  t'lHiTJi-i'ti'il 
g)afi<:  vvwigcj.  and  stn|>  ;trf  grimml  i 


vliii-li  llic  wi'diris  are  fon^cni 
]i  :iiid  liuM  lii'Mily  ill  placv. 
I.  tin-  .--.niaH  rinjr  v..  The 
■v\\  wLtli  III.'  rim  »f  tlic  vmt 


iron  ring. 


Tl.f 


ciintavt  hrusli  wliiWi  <-iinsi!'tii  id'  two  Uiin  stoel 
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watch  Bpring8  coining  in  contact  only  with  polished  metal  and 
gla86  surfaces  wears  well,  and  the  contact  is  always  clean  and 
good.  No  difficulty  whatever  was  experienced  in  reading  electro- 
motive forces  to  less  than  ^^  of  a  volt. 

Since  the  object  desired  was  to  show  the  instantaneous  in- 
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duction  distribution  over  tlie  pole  faces,  and  the  variation  in 
induction  density  at  particular  points  on  the  polar  surface  as  the 
armature  and  armature  currents  varied  in  position  and  value, 
the  ordinary  single  or  two-brush  method  of  exploring  com- 
mutator potentials  for  continuous  current  machines  would  evi- 
dently be  useless.  First  a  single  coil  of  fine  wire  was  wound 
lengthwise  around  the  armature  and  the  ends  connected  to  the 
c(»ntac't  rings  at  pulley  end  of  machine.     Fig.  3  represents  the 
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relative  position  of  coil  and  three  limbs  of  secondary  circuit  of 
converter;  a  n  is  the  line  wire  coil  wound  through  the  point 
where  one  contact  ring  is  tapped ;  i-ii,  ii-iii  and  iii-i  represent 
the  three  limbs  of  the  secondary  circuit. 

The  machine  was  first  run  as  a  motor  with  no  load  and  cucv^ 
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P]ate  1  obtained.  This  showB  tho  iDduction  diatriboticin  to  be 
gnite  nDiform  over  polar  surface  but  alight);  shifted  in  opposite 
direction  to  rotation.  This  woald  uaturall;  be  expected  as  the 
armatnre  reactions  with  so  small  an  armatnre  current  wonld  be 
but  elight. 
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The  machine  was  again  run  under  steady  load  as  a  motor  up 
to  about  its  full  capacity,  the  armature  taking  32. G  amperes.  In 
this  case  the  distribution  curve  shows  a  very  decided  distortion 
of  the  field  as  indicated  by  curve,  Plate  2.    Both  of  these  curves 
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are  exactly  like  what  would  have  been  obtained  b;  the  ordinary 
two  brusb  method  of  exploring  commatator. 

The  machine  was  next  run  as  a  converter,  the  three  limbs 
being  e<][ually  loaded  with  incandeBc«nt  lamps.  The  armatare 
took  39.45  ampereB.  Although  in  this  case  the  armature  cur- 
rent JR  much  larger  than  when  the  machine  wbb  operated  as  a 
motor,  no  shifting  of  the  brushes  was  necessary  to  avoid  spark- 
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ing  ae  was  before  the  case,  allowing  the  small  reactions  in  a  ro- 
tary converter.  Curve  Plate  'S  is  the  exploration  carve  from  the 
Hame  test  coil  for  this  case,  and  curve  Plate  i  is  the  exploration 
curve  from  test  coil  when  equal  inductive  loads  were  put  on  the 
three  limbs,  the  armature  taking  11.7  amperes.  The  last  two 
curves  most  not  be  confused  with  curves  which  show  the  in- 
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staotaneoQB  diBtribution  of  indnctioD  for  particular  amiaturo 
poeitions  and  loads.  Thej  merely  show  the  iDduction  at  a  fixed 
aagalar  poeition  from  the  loaded  legs  as  the  armature  aasames 
different  angular  positioDB.  From  a  series  of  such  exploration 
enrves  the  instantaneous  induction  distribution  cud,   however, 
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be  easily  obtained  at  follows:  First,  we  will  cuii^ider  the  case  of 
a  single  limb  loaded.  It  will  be  seen  by  an  inspe«.^tiun  of  Fig.  4 
that  placing  test  coils  10  degrees  a[>art  at  points  1,  %  3,  4j  5r 
and  6  and  taking  readings  from  each  separate  coil  with  limbs 
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i-ii,  iMii  and  iiM  loaded  separately,  i8  the  same  a8  having  but 
one  limb  loaded,  and  coils  placed  10  degrees  apart  entirely  around 
the  ammture,  the  three  ^armature  windings  being  known  to  be 
practically  identical.  When  the  limb  mii  is  loaded,  test  coil  1  will 
give  the  induction  60  degrees  behind  the  centre  of  loaded  limb 
coil  2  50  degrees,  coil  3,  40  degrees  and  so  on  to  coil  6.  When 
limb  II  III  is  loaded,  the  cnrve  from  coil  1  shows  the  variation  of 
induction  at  the  centre  of  the  loaded  limb,  coil  2  shows  the 
variation  of  induction  10  degrees  in  advance  of  the  centre  and 
HO  on  up  to  coil  6.  When  limb  i-iii  is  loaded,  test  coil  1  gives 
the  variation  of  induction  120  degrees  l)ehind  the  centre  of  the 
loaded  limb,  test  coil  2, 1 10  degrees  behind  and  so  on  up  to  coil  6. 
Thus  are  obtained  a  series  of  eighteen  curves,  showing  the  instan- 
taneous induction  for  every  10  degrees  from  120  degrees  behind 
the  centre  of  the  loaded  limb  to  50  degrees  in  advance  of  the 
centre  as  the  armature  rotates.  The  eighteen  curves  numbered  i 
to  Avin,  are  shown  on  Plate  5.  The  origin  of  each  curve  is 
shifted  20  degrees  to  the  right  and  i  \  volts  l)elow  that  of  the 
preceding  curve  for  clearness. 

F'rom  these  exploration  curves  the  instantaneous  induction 
distribution  for  particular  positions  of  the  armature  is  easily 
found.  Suppose  that  the  centre  of  the  loaded  limb  is  on  the  line 
of  commutation,  which  in  all  cases  is  15  degrees  from  the  point 
midway  between  the  pole  tips,  as  shown  by  line  a  b  in  Fig.  5, 
and  that  the  distribution  was  desired  for  the  limb  in  this  position. 
The  line  of  commutation  is  taken  as  reference  line.  It  will  be 
seen  by  reference  to  Fig.  4  that  taking  the  zero  point  of  curve 
VII  gives  the  induction  at  the  point  where  the  centre  of  the  loaded 
limb  is  at  zero  degrees ;  then  if  the  reading  is  taken  at  10  degrees 
on  curve  viii,  the  amount  of  induction  for  10  degrees  in  advance 
of  the  centre  of  the  limb,  in  same  position,  is  obtained.  The 
iiKiuction  for  10  degrees  further  will  be  represented  by  the  read- 
ing for  20  degrees  on  curve  ix  and  so  on. 

The  series  of  readings  for  curves,  Plate  6,  were  obtained  in  this 
manner,  and  show  the  instantaneous  distribution  of  induction 
over  the  pole  faces  with  one  limb  loaded  in  different  angular  po- 
sitions. 

Of  course,  the  same  curves  might  have  l>een  obtaine<l  directly, 
by  measuring  successivelv  the  electromotive  force  in  each  of  a 
series  of  test  coils  evenly  spaced  for  one  particular  position  of  the 
l<»ade<l  limb  or  armature,  but  the  above  indirect  method  is  easier 
of  manipulation. 
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The  curves,  IMate  7,  show  th »  variation  of  induction  through 
particular  points  in  the  polar  facie  a-*  the  loaded  liinh  assumes 
different  position^;.     These  curves  are  ol)tained  directly  from  the 
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curves,  L'late  5.  Suppose  it  is  desired  to  draw  a  curve  represent- 
ing the  variation  of  induction  at  140  degrees  from  the  zero  point. 
Connect  the  points  where  a  vertical  through  the  140  degree  point 
of  each  curve  intersects  tlie  curve.  The  new  curve  so  found, 
when  compared  with  the  right  line  a  b,  drawn  through  points 
representing  140  degrees  and  12  volts  for  each  curve,  shows  the 
variation  above  or  below  the  induction  corresponding  to  12  volts. 


DEGREES 

100  liO 

PLATE  9 


Taking  points  from  ^^o  degrees  to  150  degrees,  inehisive,  and 
changing  the  axes,  gives  the  series  of  curves,  Plate  7.  It  will^be 
noted,  that  the  variation  of  induction  at  some  points  is  greater 
than  at  others,  and  that  the  waves  of  variation  ditfer  in  phase  as 
of  course  would  he  ex])ected.  Connecting  the  points  where 
these  curves  cross  the  12-volt  line  shows  the  variation  of  induc- 
tion at  successive  points  in  time  and  amount  vcrv  nicelv. 
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The  exploration  curves,  Plate  8,  were  taken  with  all  thred 
limbs  equally  loaded  with  incandescent  lamps.  When  one  limb 
is  loaded,  any  particular  distribution  of  induction  occurs  twice  in 
every  revolution  of  the  armature,  but  with  three  limbs  loaded, 
tliis  happens  six  times  per  revolution.  In  Plate  8,  curve  vi  ia 
exactly  similar  to  curve  i,  and  referring  to  Fig.  6,  it  will  be  seen 
that  the  distribution  of  currents  in  the  annature  will  be  the 
same  when  a  b  and  o  are  either  at  n  or  i\  The  curves  showing 
instantaneous  distribution  of  induction  with  armature  position 


^ER  CENT  LOAD  FOR  MOTOR     | 
PLATE  10 


vAw  be  obtained  from  the  exploration  curves  in  Plate  8  in  tlie 
same  way  that  curves,  Plate  0,  were  obtained  from  curves, 
Plate  5. 

The  shape  of  the  electromotive  force  curves  taken  from  a 
rotary  converter  dej>end8  on  the  induction  distribution.  If  the 
lines  of  force  through  the  poles,  air  gap,  and  armature  were  uni- 
form and  parallel,  the  electromotive  force  in  each  turn  of  wire 
on  the  armature  would  be  sinusoidal,  and  the  electromotive  force 
as  measured  between  any  leg  being  the  sum  of  sine  waves  would 
also  1)0  sinuKoidaK  but  the  electromotive  force  curve  we  actually 
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get  is  the  sum  of  a  series  of  electromotive  force  curves  similar 
to  curves  Plate  5,  differing  in  phase  by  the  conductor  angle.  On 
jPlate  9  are  shown  electromotive  force  curves  between  legs  for 
different  loads.  Curve  i  is  for  full  load,  curve  ii  for  half  load 
And  curve  iii  for  no  load.  Curve  iv  is  a  sine  wave  whose  jr.  m.  s. 
value  is  67.4  volts.  Plate  10  shows  the  efficiencv  curves  for  the 
machine  as  a  motor  and  as  a  converter.  If  the  load  on  the 
machine  as  a  converter  had  been  increased  until  the  Iosscb 
quailed  the  losses  of  the  motor  at  full  load,  then  the  ratio  of  the 
two  outputs  would  be  the  relative  capacities  of  the  same  machine 
working  in  the  two  ways.  It  is  regretted  that  limited  time  pre- 
vented a  more  complete  expernnental  study  of  this  machine,  but 
it  is  hoped  that  some  of  the  results  are  not  without  interest. 
A  detailed  study  of  a  more  modern  machine  will  be  reported 
later. 

Of  course  the  results  as  found,  agree  with  what  might  have 
been  anticipated  and  are  probably  not  new  to  the  engineers  of 
some  of  our  manufacturing  concerns,  but  as  the  experiments- of 
B,  company's  engineers  fonn  part  of  the  company  assets,  they  do 
not  always  find  their  way  into  engineering  literature. 
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Discussion. 

Thk  President: — The  paper  gives  the  resalt  of  interesting 
experiments  on  this  type  of  machine  which  is  now  coming  into 
quite  general  use.  It  nas  some  peculiar  properties.  One  point 
that  I  think  is  interesting  is  the  fact  that  the  converter  efficiency 
coincides  with  the  motor  efliciency,  but  is  slightly  greater  at 
nearly  full  load.  It  would  seem  to  me  that  it  ought  to  be  even 
higher  than  it  is  in  respect  to  the  motor  efficiency. 

Prop.  Owens  : — The  converter  was  not  worked  to  its  full  ca« 
pacity.  The  machine  was  only  loaded  to  the  capacity  as  a  motor 
but  not  as  a  converter. 

The  President  : — If  carried  further,  the  converter  efficiencv 
would  have  arisen  considerably  above  that  of  the  motor. 

Prof.  Goldsborough  : — I  have  found  in  looking  at  Plate  6  of 
Prof.  Owens'  paper  a  most  interesting  set  of  curves.  To  me  the 
problem  of  the  rotary  converter  is  a  very  attractive  one,  and  this 
set  of  curves  pi*esents  a  great  deal  that  is  of  interest,  in  view  of 
the  fact  that  it  gives  us  the  first  series  of  curves  ever  published 
showing  the  variation  of  the  distribution  of  the  flux  over  the 
air-gap  of  an  alternator  for  various  instantaneous  values  of  the 
armature  current.^ 

These  curves  illustrate  very  nicely  the  character  of  the  arma- 
ture reaction  which  takes  place,and  I  think  also  give  an  insight  to 
certain  of  the  current  reactions  which  take  place  in  the  armature 
conductors,  and  which  I  do  not  believe  are  mentioned  in  the  paper. 
In  a  direct  current  motor-generator  of  similar  character,  that  is  in 
a  machine  having  a  double  armature  winding,  and  which,  we 
will  say,  transforms  current  from  100  to  200  volts,  the  currents 
of  the  motor  part  flow  in  an  opposite  direction  to  the  currents  of 
the  generator  part  of  the  machine.  That  is,  providing  the  ma- 
chine is  of  100  per  cent,  efficiency,  and  that  the  resistance  of  the 
receiver  circuit  is  negligible,  the  annature  reaction  of  the  motor 
part  will  be  entirely  annulled  by  that  of  the  generator  part,  and 
there  will  be  no  distortion  of  the  air-gap  field  due  to  the  currents 
flowing  in  the  armature.  Now,  as  there  is  but  one  winding  on 
the  armature  of  a  rotary  converter,  the  alternating  currents  flow 
in  the  same  winding,  but  in  an  opposite  direction  to  the  direct 
currents,  and  therefore  the  current  density  in  the  conductors  of 
the  armature  must  vary  considerably  from  time  to  time.  To 
indicate  possibly  a  little  more  clearlv  the  point  which  I  wish  to 
make,  I  will  draw  a  figure  here  on  the  board.  (Fig.  7.)  Suppose 
we  consider  for  a  moment  a  rotary  converter,  which  has  an  effi- 
ciency of  from  60  to  65  per  cent.  This  is  a  low  efficiency  for  a 
rotary  converter,  but  such  a  machine  would  produce  an  alterna- 
ting current  in  the  receiver  circuit  having  a  maximum  value  equal 
approximately  to  the  value  of  the  direct  current  supplied  the  ma- 
lt In  the  spring  of  1895  two  of  my  students,  Messrs.  Crane  and  Reeves,  made 
a  determination  of  a  similar  set  of  curves,  taking  them  from  a  six-pole  single 
phase  rotary  converter. 
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chine.  In  other  words,  if  (n)  reproHeuts  one  pole  of  a  bipolar 
machine,  ( s ),  the  other,  and  o.  t.,  its  Gramme  ring  armature,  we 
can  take  a  base  line  a,  to  represent  the  zero  line  of  current,  and 
another  line  b.,  to  represent  the  value  of  the  direct  current 
Howing  into  the  armature  at  +.  Then,  supposing  that  we  liave 
simply  a  single  phase  secondary  alternating  current,  which  we  can 
obtain  from  the  bipolar,  direct  current  armature  if  it  is  tapped  at 
two  diametrically  opposite  points  1,  7,  we  can  let  the  curre  o, 
represent  the  instantaneous  value  of  this  current,  and  it  will  flow 
from  the  collector  brush  -}-•     Now,  with  this  machine,  if  I  mia- 


PART  1 
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^^-'' 


"'"'1 
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PART  2 


E"--- 


PART  3 


FlO.  7. 


Keep  the  poles  and  curves  stationary  and  move  the  contluctors  ; 
then  the  current  in  any  conductor  in  any  position  is  determined 
by  projecting  it  upon  its  current  intensity  curve  of  Part  3.  The 
dots  and  crosses  on  the  con<luctors  show  direction  of  direct  current. 


take  iH>t,  witli  tlie  hruslies  +  Ji^^^l  —  resting  on  the  commutator, 
M,  as  shown,  when  the  alternating  current  rises  to  a  maximum, 
which  it  does  with  the  armature  in  the  given  position,  the  alter- 
nating current  will  be  automatically  di*awn  straight  tlirough  from 
the  direct  current,  and  therefore  at  this  instant  of  time  there  will 
be  absolutely  no  current  flowing  through  the  conductors  on  the 
armature  of  the  macliine.  This  represents  a  particular  case,  and 
one  which  we  could  only  have  when  we  sliould  design  a  machine 
with  relatively  low  commercial  efficiency.  It  coula  be  brought 
about  by  increasing  tlie  iron  losses  to  a  considerable  extent,  or  i)y 
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loading  it  mechanically  by  means  of  a  pulley  and  belt,  so  that 
the  electrical  ontpnt  of  the  machine  would  be  low  relatively  to 
the  input.  Now  the  curves  of  Plate  6, 1  think,  bear  out  this  condi- 
tion, in  a  somewhat  more  complex  case ;  in  one  in  fact  in  which  the 
efficiency  of  the  machine  is  somewhat  higher  than  in  the  machine 
which  I. have  assumed.  To  look  at  the  matter  however  a  little 
more  closely  Ivefore  going  on,  I  will  consider  that  we  have  in  Fig.  7, 
a  section  of  the  armature  of  the  machine.  We  have  here,  we  will 
say,  a  conductor  7,  which  connects  with  the  commutator  segment 
right  under  the  +  brush.  To  right  and  left  of  this  we  have 
conductors  in  this  way,  each  (me  of  which  is  connected  with  a 
commutator  bar,  and  wound  around  the  Gramme  ring.  We  will 
consider  that  currents  flowing  toward  us  in  the  conductors  on  the 
upper  surface  are  positive  currents.  Below  the  Gramme  ring, 
we  can  draw  the  collector  rings  from  which  the  alternating  cur- 
rent is  taken,  and  suppose,  for  instance,  that  I  connect  the  upper 
alternating  current  collector  ring  to  bar  7  of  the  armature  by  a 
wire,  and  the  lower  one  to  bar  1.  Rotation  may  be  considered 
in  the  direction  of  the  arrow,  for  instance.  Suppose  we  desig- 
nate the  conductor  which  is  on  the  right  side  of  the  bar  7  that 
is  connected  to  the  collector  rinsr,  by  the  Agure  8,  and  the  con- 
ductor on  the  left  side  by  the  hgure  6.  Tlie  alternating  cur- 
rent, which  we  have  represented  by  the  sinusoidal  curve  o, 
will  have  the  same  intensity  in  both  conductor  8,  and  con- 
ductor 6,  and  we  may  consider  now  the  combination  of  the  alter- 
nating and  the  direct  currents  in  the  armature  and  the  actual 
value  of  current  intensity  which  results  in  the  conductors  at 
successive  intervals  of  time.  When  conductor  8  is  over  on  the 
left  side  of  the  centre  line,  for  instance  anywhere  between  posi- 
tion 1  and  7,  it  will  carry  a  current  which  is  equal  to  the 
value  of  the  curve  b,  plus  the  ordinate  of  the  curve  d,  corres- 
ponding to  the  assumed  position  of  conductor  8,  or  to  the  ordinate 
of  the  curve  k.  This  means  that  if  we  start  from  conductor  5, 
since  at  this  point  the  alternating  current  in  conductor  8  is  zero, 
the  value  of  the  alternating  current  will  rise  up  above  the  straight 
line  H,  until  it  reaches  the  central  position  at  -|-  in  the  centre; 
then  suddenly,  when  the  maxinnim  value  of  the  alternating  cur- 
rent is  the  same  as  the  direct  current  in  the  armature,  the  current 
will  entirely  disappear  from  all  the  armature  conductors.  It  will 
begin  U)  rise  again  in  conductor  8,  but  in  a  negative  direction  as 
soon  as  conductor  8  passes  under  the  +  brush.  Curve  e  e'  is 
then  a  curve  which  shows  the  instantaneous  values  of  the  cur- 
rents in  conductor  8.  Of  course,  in  the  case  of  conductor  J>  an 
entirely  different  curve  is  required  to  represent  the  variations  of 
the  current  in  this  conductor  owing  to  its  different  position  rela- 
tively to  conductor  7.  Now  conductor  0  will  have  a  current 
intensity  curve  which  is  entirely  analogous  to  curve  e  e'  except 
that  it  is  reversed  in  position  as  shown  in  Fig.  7,  Part  3.  The 
current  intensity  curves  of  all  the  other  conductors  are  also  con- 
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cliine.  In  otiier  words,  if  (n)  repreHente  one  pole  of  a  bipolar 
machine,  ( s ),  the  other,  and  o.  t.,  its  Gramme  ring  armature,  we 
can  take  a  base  line  a,  to  represent  the  zero  line  of  current,  and 
another  line  b.,  to  represent  the  value  of  the  direct  current 
Howing  into  the  armature  at  -f-*  Then,  supposing  that  we  have 
simply  a  single  phase  secondary  alternating  current,  which  we  can 
obtain  from  the  bipolar,  direct  current  armature  if  it  is  tapped  ut 
two  diametrically  opposite  points  1,  7,  we  can  let  the  curve  o, 
represent  the  instantaneous  value  of  this  current,  and  it  will  flow 
from  the  collector  brush  -}-•     Now,  with  this  machine,  if  I  mia- 
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PART  2  E^^^- 


PART  3 


FlO.  7. 


Keep  the  poles  and  curves  stationary  and  move  the  coiuluctors  ; 
then  the  curi-ent  in  any  conductor  in  any  position  is  determined 
by  projecting  it  upon  its  currc-nt  intensity  curve  of  Part  3.  The. 
dots  and  crosses  on  the  con<luctoi-s  show  direction  of  direct  current. 

take  nr)t,  with  the  bruslies  +  and  —  resting  on  the  connnutator, 
M,  a8  shown,  when  the  alteniatinfi;  current  rises  to  a  maximum, 
which  it  does  with  the  armature  in  the  given  position,  the  alter- 
nating current  will  be  automatically  dmwn  straight  through  from 
the  direct  current,  and  therefore  at  this  instant  of  time  there  will 
be  absolutely  no  current  flowing  through  the  conductors  on  the 
armature  of  the  machine.  This  represents  a  particular  case,  and 
one  which  we  could  only  have  when  we  should  design  a  machine 
with  relatively  low  commercial  efficiency.  It  could  be  brought 
about  by  increasing  the  iron  losses  to  a  considerable  extent,  or  l)y 
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loading  it  mechanically  by  means  of  a  pulley  and  belt,  so  that 
the  electrical  output  of  the  machine  would  be  low  relatively  to 
the  input.  Xow  the  curves  of  Plate  6, 1  think,  bear  out  this  condi- 
tion, in  a  somewhat  more  complex  ca^e ;  in  one  in  fact  in  which  the 
efficiency  of  the  machine  is  somewhat  higher  than  in  the  machine 
which  I. have  assumed.  To  look  at  the  matter  however  a  little 
more  closely  Ivefore  going  on,  I  will  consider  that  we  have  in  Fig.  7, 
a  section  of  th^  armature  of  the  machine.  We  have  here,  we  will 
say,  a  conductor  7,  which  connects  with  the  commutator  segment 
right  under  the  +  brush.  To  right  and  left  of  this  we  have 
conductors  in  this  way,  each  (me  of  which  is  connected  with  a 
commutator  bar,  and  wound  around  the  Gramme  ring.  We  will 
consider  that  currents  flowing  toward  us  in  the  conductors  on  the 
upper  surface  are  positive  currents.  Below  the  Gramme  ring, 
we  can  draw  the  collector  rings  from  which  the  alternating  cur- 
rent is  taken,  and  suppose,  for  instance,  that  I  connect  the  upper 
alternating  current  collector  ring  to  bar  7  of  the  armature  by  a 
wire,  and  the  lower  one  to  bar  1.  Rotation  may  be  considered 
in  the  directi(m  of  the  arrow,  for  instance.  Suppose  we  desig- 
nate the  conductor  which  is  on  the  right  side  of  the  bar  7  that 
is  connected  to  the  collector  rinff,  by  the  Agure  8,  and  the  con- 
ductor on  the  left  side  by  the  hgure  6.  Tlie  alternating  cur- 
rent, which  we  have  represented  by  the  sinusoidal  curve  o, 
will  have  the  same  intensity  in  both  conductor  8,  and  con- 
ductor 6,  and  we  may  consider  now  the  combination  of  the  alter- 
nating and  the  direct  currents  in  the  armature  and  the  actual 
value  of  current  intensity  which  results  in  the  conductors  at 
successive  intervals  of  time.  When  conductor  8  is  over  on  the 
left  side  of  the  centre  line,  for  instance  anywhere  between  posi- 
tion I  and  7,  it  will  curry  a  current  which  is  equal  to  the 
value  of  the  curve  u,  plus  the  ordinate  of  the  curve  d,  corres- 
ponding to  the  assumed  position  of  conductor  8,  or  to  the  ordinate 
of  the  curve  k.  This  means  that  if  we  start  from  conductor  5, 
since  at  this  point  the  alternating  current  in  conductor  8  is  zero, 
the  value  of  the  alternating  current  will  rise  up  above  the  straight 
line  B,  until  it  reaches  the  central  position  at  -|-  in  the  centre; 
then  suddenly,  when  the  maximum  value  of  the  alternating  cur- 
rent iti  the  same  as  the  direct  current  in  the  armature,  the  current 
will  entirely  disappear  from  all  the  armature  conductors.  It  will 
begin  t(»  rise  again  in  conductor  8,  but  in  a  negative  direction  as 
soon  as  conductor  8  passes  under  the  -f~  brush.  Curve  e  e'  is 
then  a  curve  which  shows  the  instantaneous  values  of  the  cur- 
rents in  conductor  8.  Of  course,  in  the  case  of  conductor  H  an 
entirely  different  curve  is  required  to  represent  the  variations  of 
the  current  in  this  conductor  owing  to  its  different  position  rela- 
tively to  conductor  7.  Now  conductor  fi  will  have  a  current 
intensity  curve  which  is  entirely  analogous  to  curve  e  e'  except 
that  it  is  reversed  in  position  as  shown  in  Fig.  7,  Part  3.  The 
current  intensity  curves  of  all  the  other  conductors  are  also  cou- 
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eidered  separately  in  Part  3.  The  curves  show  to  some  extent 
the  character  ox  the  current  changes  and  the  current  intensity 
modifications  which  take  place  in  the  conductors  on  the  surface 
of  the  armature. 

Now  referring  to  the  curves  of  Plate  6,  I  think  we  can  trace 
some  of  the  points  which  I  have  mentioned  in  connection  with 
this  hypothetical  machine  veir  readily.  For  instance  if  you  will 
note  the  position  of  curve  1  of  Plate  6  you  see  tliat  it  is  a  curve 
which  is  nigh  on  the  right  hand  side,  and  you  will  notice  further 
that  the  curve  1  has  a  greater  altitude  on  the  right  side  than  tha 
other  curves.  It  indicates  therefore  that  at  that  instant  of  time  the 
alternating  current  in  the  coils  of  the  armature  was  zero  and  that 
therefore  the  distribution  of  the  magnetism  over  the  face  of  the 
air-gap  is  the  same  as  that  represented,  or  analogous  to  that  repre- 
sented in  Plate  2,  which  shows  the  distribution  of  flux  over  the 
air-gap  when  the  alternating  current  is  zero ;  that  is  Plate  2  rep- 
resents an  exploration  curve  taken  when  there  was  no  excitation 
at  all  of  the  alternating  current  circuit.  In  other  words  it  repre- 
scnits  a  loaded  exploration  curve  of  the  machine,  time  being 
counted]f rom  left  to  right.  It  is  analogous  to  curve  1  of  Plate  6, 
where,  as  determined  by  comparison  with  Fig.  4,  and  the  state- 
ments made  at  the  middle  of/page  463,  time  is  counted  from  right 
to  left.  Now  the  alternating  current,  as  soon  as  a  movement 
takes  place  to  either  side  oi  the  zero  position  begins  to  rise. 
It  rises  until  finally,  at  the  position  marked  6  or  at  the 
position  marked  12,  the  alternating  current  reaction  equalizes 
that  of  the  direct  current.  At  those  points  therefore  you 
have  just  sufiicient  alternating  current  reaction  to  compensate 
for  that  of  the  direct  current,  and  you  get  a  perfectly  sym- 
metrical field  in  the  machine.  I  would  not  say  that  at  this 
point  the  currents  flowing  in  all  the  armature  conauctors  have  a 
zero  value,  as  the  conditions  are  not  such  as  to  produce  that  re- 
sult. Nevertheless  it  indicates  a  point  where  the  reaction  of  the 
current  flowing  in  the  armature  is  lost  for  the  moment.  Now  for 
points  extending  between  curves  6  and  12  of  the  series  ^f  loops 
of  Plate  6,  there  is  a  distortion  of  this  curve  in  the  opposite  ai- 
rection.  That  is,  when  the  alternating  current  is  zero  you  get 
curves  that  show  the  natural  distribution  of  the  flux  which  would 
occur  in  a  simple  direct  current  machine,  then  as  the  alternating 
current  rises,  the  reaction  of  the  direct  currents  is  neutralized, 
and  finally  you  get  a  condition  shown  at  the  middle  of  the  series, 
in  which  the  alternating  current  actually  overbalances  the  direct 
current  in  the  armature.  Tliat  occurs  for  the  reason,  that  the  al- 
ternating current  rises  to  some  value  that  is  greater  than  the  di- 
rect current,  and  therefore  when  the  armature  reaction  due  to 
the  alternating  current,  overbalances  the  armature  reaction  which 
is  due  to  the  direct  current,  you  get  an  effect  wiiich  is  shown 
where  the  maximum  instantaneous  value  of  the  curve  of  magne- 
tism is  changed  in  its  position  and  runs  over  the  other  way,  causing 
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a  rise  ou  the  left  hand  side.  Now  I  think  we  can  trace  the  effect 
of  the  variation  of  the  current  still  further  in  the  eiBciencj 
curves  of  the  machine.  For  instance,  in  Plate  10  you  have  the 
efficiency  curve  of  the  converter  rising  above  the  efficiency  curve 
of  the  motor.  In  other  words,  the  heating  losses  in  the  conducr 
tors  are  proportionally  less  when  the  machine  is  fully  loaded  and 
used  as  a  rotary  converter  than  when  it  is  used  as  a  direct  current 
motor,  for  the  reason  that  the  current  flowing  in  the  armature  is 
less,  and  that  therefore  the  loss  due  to  the  current  flowing  in  the 
armature  is  correspondingly  smaller,  and  for  this  reason,  largely, 
the  efficiency  of  the  converter  rises  for  high  loads.  The  losses 
due  to  the  eddy  currents  and  hysteresis  would  be  practically  the 
same,  or  even  greater  I  think,  in  the  case  of  the  converter,  owing 
to  the  fact  that  the  armature  reaction  in  this  case,  if  anything, 
tends  to  increase  rather  than  diminish  the  total  field  flux,  and 
therefore  any  increase  in  efficiisncy  is  very  largely  due  to  the  fact 
that  the  heating  losses  in  the  armature  conductors  are  less,  and 
also  to  the  fact  that  there  is  no  side  pull  on  the  shaft.  There  is 
less  friction  loss  necessarilv  in  the  case  of  this  rotary  converter, 
than  there  is  in  the  case  of  the  motor. 

Mb.  Dunn  : — The  curves  presented  by  Professor  Owens  lead 
me  to  call  attention  to  a  physical  fact  which  1  think  is  not  well 
known  in  electrical  science,  namely,  the  high  resistance  of  certain 
forms  of  iron.  The  curves  show  a  variation  of  the  flux  past- 
ing across  the  air  gap,  with  each  impulse  of  the  ciirrent,  ana  the 
variation  is  sufficiently  great,  as  can  be  seen,  to  cause  a  good  deal 
of  loss  from  eddv  currents. 

The  fact  I  wish  to  bring  out  is  that,  while  the  resistivity  of 
iron  is  ordinarily  seven  times  that  of  copper,  the  resistivity  of 
cast-steel  is  about  fifteen  times  that  of  copper  or  nearly  double 
that  of  iron  and  the  resistivity  of  cast-iron  is  about  65  times  that 
of  copper  or  9  times  that  of  iron.  This  fact  shows,  why  we 
do  not  get  enormous  losses  in  the  case  of  rotary  transformers 
which  have  a  variation  in  the  field  flux,  as  shown  in  this  paper, 
the  simple  reason  is  that  while  there  is  change  of  magnetic 
induction  in  the  pole  pieces,  it  cannot  produce  eddy  currents  be- 
cause of  the  abnormally  high  resistance  of  the  cast-iron.  This 
resistance  of  65  times  the  resistance  of  copper  makes  the  pro- 
perties of  the  cast  iron  like  those  of  a  different  metal,  and  I  can 
only  explain  it  a^  an  extremely  great  increase  in  the  resistance  of 
(jopper  is  explained,  when  there  are  present  impurities  of  phos- 
phorus or  sulphur.  The  reduction  in  the  eddj*  currents  is  won- 
derful, and  we  have  long  been  enjoying  the  advantages  without 
knowing  it.  Professor  Owen's  machine  is  one  in  which  a  cast- 
iron  field  was  used,  and  very  likely  the  large  variations  shown  do 
not  o^use  excessive  loss  on  that  account. 

Mr.  C.  p.  Steinmbtz  : — In  large  rotary  converters  a  very  con- 
siderable loss  of  energy  by  local  oscillation  of  the  magnetic  flux 
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and  consequent  heating  of  tlie  tield  pole  pieces  wlien  solid  is  to 
be  anticipated,  and  for  this  reason  in  such  machines  laminated 
Held  poles  are  ordinarily  used. 

Referring  more  particularly  to  Prof.  Owens'  paper,  it  is  of 
great  interest  investigating  what  may  be  called  the  higher  har- 
monics of  armature  reaction. 

In  the  polyphase  rotary  converter  the  resultant  armature  re- 
action of  the  machine  as  direct  current  machine  and  as  alternating 
current  machine  are  equal  but  opposite,  thus  neutralizing  each 
other  and  all  that  remains  of  armature  reaction  are  effects  of 
higher  frequency  which  may  l>e  called  higher  harmonics  of 
armature  reaction.  They  are  obviously  present  in  alternating 
current  generators  and  synchronous  motors  also,  but  they  are 
overshadowed  by  the  fundamental  wave  and  tims  less  noticeable 
than  in  the  rotary  converter. 

Besides  these  higher  harmonics  of  armature  reaction,  f  ui*ther 
higher  harmonics  exist  when  the  rotary  converter  is  used  to 
change  from  alternating  to  direct  current,  due  to  the  difference 
in  wave  shape  between  the  impressed  alternating  terminal  voltage 
and  the  induced  alternating  counter  b.  m.  f.,  which  difference 
causes  a  current  component  to  flow,  consisting  essentially  of 
wav^sof  higher  frequency  or  higher  harmonics. 

The  rotary  converter  has  latterly  become  an  eminently  im- 
portant piece  of  apparatus,  by  forming  the  connecting  link  be- 
tween the  alternatmg  and  the  direct  current.  That  is,  giving  a 
means  to  convert  the  alternating  current  received  over  long  dist- 
ance transmission  lines  into  direct  current  for  use. 

In  the  rotary  converter  the  induced  direct  current  voltage  and 
the  induced  alternating  current  voltage  stand  in  a  definite  propor- 
tion. 

In  the  single  phase  rotary  converter  their  ratio  is : 

Thus  the  ratio  of  the  direct  current  and  the  energy  compo- 
nent of  alternating  current  corresponding  thereto  is : 

In  a  polyphase  system  we  have  to  distinguish  ''star"  voltage 
(in  the  three-phase  system  commonly  called  Y  voltage),  that  is 
voltage  between  any  terminal  and  the  neutral  point,  or  point  of 
equal  difference  of  potential  from  all  i)hases,  and  "ring;"  voltage 
(in  the  three-phase  system  commonly  called  *'  delta  '^  voltage), 
that  is  voltage  between  adjacent  terminals  of  the  system.  In  the 
same  way  we  distinguish  between  star  ( or  Y )  current,  that  is 
current  lowing  from  terminal  to  neutral  point  (this  is  the  line 
current)  and  ring  (or  delta)  current,  that  is  current  flowing  from 
terminal  to  adjacent  terminal. 
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The  induced  direct  current  u.  m.  f.  and  the  induced  star  k.  k.  k. 
in  the  polyphape  converter  have  the  proportion: 


2  V2 

The  star  e.  m.  f.  and  the  ring  b.  m.  f.  of  the  n-phase  system 
have  the  proportion: 

1  -T-  2  sin  - 

Thus  the  induced  direct  current  e.  m.  f.  and  the  ring  b.  m.  f.  in 
the  polyphase  converter  liave  the  proportion: 

IT 

sm  - 

V  2 

Since  the  direct  current  power  output  and  the  alternating  cur- 
rent power  input,  neglecting  losses  and  phase  displacement,  are 
equal,  we  have  : 

The  direct  current  and  the  alternating  star  current  in  the 
polyphase  rotary  cx)nverter  have  the  ratio  : 

1  -^  

The  direct  current  and  the  alternating  ring  current  have  the 
ratio : 


n  sm  7 

n 


These  current  values  refer  to  the  energy  component  of  alter- 
nating current  corresponding  to  the  direct  current. 

If  a  phase  displacement  exists  between  alternating  e.  m.  f.  and 
current,  the  wattless  component  of  current  has  to  be  added  by 
the  parallelogram  to  above  given  values,  and  so  has  the  current 
representing  the  losses  in  the  converter,  that  is  driving  it  as  syn- 
chronous (or  direct  current)  motor. 

Derivation  of  these  equations  I  have  given  in  a  lecture  he- 
fore  Cornell  University,  published  in  the  Siblev  Journal,  June, 
1897,  Vol.  XI.,  No.  9. 

The  above  given  ratios  of  e.  m.  f'.«  refer  to  the  induced  e.  m. 
k's  of  the  rotary  converter.  The  ratio  between  the  alternating 
terminal  voltage  and  the  direct  current  terminal  voltage  of  the 
rotary  converter  differ  more  or  less  from  the  above  given  values, 
due  to  the  drop  of  voltage  in  the  resistance  of  the  rotary  con- 
verter and  due  to  the  difference  of  the  shape  of  impressed  alter- 
nating current  wave  and  of  counter  e.  m.  f.  wave ;  that  is  the 
maximum  value  of  the  alternating  e.  m.  f.  wave  is  equal  to  the 
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direct  carreot  s.  m.  f.  plus  or  minus  resistance  drop.  Thus  the 
eflfective  value  differs  more  or  less  from  the  above  given  values, 
sometimes  10  to  15^,  according  to  the  ratio  l)etween  maximum 
and  effective  value  of  the  alternating  b.  m.  f.  wave,  that  is  ac- 
cording to  the  wave  shape.  In  the  above  given  vahies  sine 
waves  were  assumed. 

In  general  in  every  armature  coil  of  the  rotary  converter  the 
direct  current  and  the  energy  component  of  alternating  cMirrent 
flow  more  or  less  in  opposition  to  each  other. 

The  direct  current  in  the  armature  coil  ii^  really  a  rectangular 
alternating  current  as  shown  in  Figs.  8  and  9,  as  (7  reversing 
successively  in  adjacent  coils  by  their  passage  under  the  brush. 
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Fig.  9. 


The  alternating  current  C^  is  assumed  as  sine  wave  and  is  the 
same  in  all  coils  of  the  same  phase,  thus  uiore  or  less  displaced 
from  the  rectangular  direct  current  wave.  -..-^=3« 

The  two  currents  are  perfectly  in  opposition  in  a  coil  midways 
between  two  adjacent  alternating  leads,  and  in  this  coil  the  resul- 
tant current  in  the  n-phase  rotary  converter  is 


n   _  G  (4:  sin  cp        .\ 


n  sm  - 

n 


where 

C  =  direct  current,  and  ^  =  2  /T  .V  t, 

it  is  shown  in  Fig.  1  as  Cq. 

In  an  armature  coil  displaced  by  nhase  angle  w  from  middle 
position  between  alternating  leads.  Fig.  9.,  the  resultant  current 
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^«  =  fC"°^.'7"^-4 


n 


as  shown  in  Fig.  9  as  Co- 

Thns  tlie  effective  value  of  current, 


2  ^ 


8  ,   ^ 16  cos  fl> 


TT  .       TT 


n^  sm  ^-  /?  «•  sm- 

n  n 


Hence,  since    -  is  the  direct  current  in  the  armature  coil,  the 

relative  heating  effect  of  the  resultant  current  in  the  rotary  con- 
verter, and  the  direct  current  is  : 

/^\2               8          .    ,        16cosai 
r<^=  /  c')  =  -   -   -^-  +  1 

V    2  ^  71^  sm  ^  -  n  TT  81 


sin-- 
n  n 


and  integrating  over  the  whole  artnatare,  it  is  : 

/=    8    +1-16 

fr  sm  •-  " 

71 

the  ratio  of  the  0'^  R  in  the  rotary  converter  and  the  direct  cur- 
rent machine  of  the  same  output. 

In  conserjuence  hereof,  regarding  heating  of  the  armature,  the 

rotary  converter  can   be  rated  at — .-^,  of    the    output    of    the 

8ame  machine  as  direct  current  machine.     This  is 

.85  of  the  output  of  the  machine  as  direct  current  machine  in 
a  single  phase  rotary  converter, 

1.34  in  the  three-phase  rotary  converter 
1.64      '*      quarter-phase    '*" 
1.9()      "      six-phase  *' 

2.31      ''      infinite  phase    " 

Coming  now^  to  the  armature  reaction  of  the  rotary  converter. 

The  armature  reaction  of  the  direct  current  C  with  m  turns  on 
the  armature  of  a  bipolar  machine  ( in  a  multipolar  machine  C 
and  )a  refer  to  one  pair  of  poles  )  is, 

„        7W  C  +^ 

Jr  =  —^  wvg  cog 

In  the  r^-phase  rotary  converter  the  ampere  turns  per  phase  on 
the  armature  (  per  pair  of  poles )  are  : 
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n 


n  71?  ein  - 


Where  C\  =  alternating  ring  current  and  G  the  corresponding 
direct  current. 

Thus  their  resultant,  since  these  ampere-turns  are  distributed 
over  1  /  71  of  the  circumference : 

n 

_    \^lim  C 

TT  n 

and  consequently  the  resultant  armature  reaction  of  all  n  phases : 

n   V~2 

=  ^>'  (^ 

TT 

that  is  eonal  ( but  op]>osite  )  to  that  of  the  direct  current.  There- 
fore, while  in  a  direct  current  or  alternating  current  machine  a 
considerable  increase  of  field  strength  is  reciuired  with  increasing 
load  to  take  care  of  the  armature  reaction,  in  a  rotary  converter 
practically  no  change  of  field  strength  with  change  of  load  is  re- 

auired,  except  where  phase  displacements  are  intentionally  pro- 
uced  thereby. 

The  polarization  of  the  armature  due  to  the  energy  component 
of  alternating  current  is  in  quadrature  with  the  field  m.  m.  f. 
Thus  the  armature  reac^tion  of  the  wattless  component  of  alter- 
nating current  is  in  phase  with  the  field  m.  m.  f.  with  a  lagging, 
in  opposition  with  a  leading  current  in  a  machine  converting 
from  direct  to  alternating  current.  Hence,  it  is  always  magne- 
tizing or  demagnetizing,  but  never  distorting. 

In  the  polyphase  rotary  converter  no  distortion  of  the  magnetic 
field  exists,  except  that  due  to  the  small  energy  component  of 
alternating  ( or  direct)  current  driving  the  machine  as  motor, 
that  is  supplying  the  internal  losses. 

The  resultant  armature  reaction  due  to  the  energy  component 
of  alternating  current  corresponding  to  the  direct  current  is  zero. 
Thus  all  that  exists  of  armature  reaction,  is : 

The  small  armature  reaction  due  to  the  current  driving  the 
machine  as  motor,  which  is  in  (juadrature  or  distorting,  and  of 
fundamental  frequency. 

♦  "Theory  ami  Calculation  of  Altoniatiri^  Current  Phenomena,"  Stein- 
metz,  page  354. 
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,  The  ariiiatnre  i*eaetion  of  the  wattless  component  of  alternating 
current,  if  such  exists,  which  is  magnetizing  or  demagnetizing 
and  of  fundamental  frequency. 

The  higher  harmonics  of  armature  reaction  investigated  by 
Prof.  Owens. 

The  higher  harmonics  of  armature  I'eaction  produced  by  a 
difference  of  wave  shape  between  impressed  and  counter  e.  m.  f. 
when  converting  from  alternating  to  direct  current. 

Either  of  the  latter  two  reactions  is  oscillating. 

In  a  single  phase  rotary  converter  the  armature  reaction  of  the 
alternating  current  is  pulsating,  thus  the  resultant  armature  reac- 
tion oscillating,  thereby  causing  a  sweeping  flux,  which  is  very 
objectionable  lor  spark  less  commutjition. 

The  polyphase  rotary  converter  is  self-starting  from  rest,  but 
in  this  case  requires  a  very  large  current  and  gives  a  small  torque, 
that  is,  is  similar  to  the  induction  motor  without  resistance  in  the 
secondary  circuit. 

The  polyphase  rotary  converter  offers  the  most  convenient 
means  of  controlling  the  voltage  of  an  alternating  current  system 
by  phase  relation.  By  varying  the  relative  proportion  of  im- 
pressed and  counter  k.  m.  f.  by  a  change  of  the  tield  excitation  of 
the  rotary  converter,  either  by  hand,  or  automatically  by  the  com- 
bination of  shunt  and  series  field,  leading  or  lagging  currents  can 
be  produced  at  will,  and  thereby  the  self-induction  of  the  circuit 
between  jyenerator  and  rotary  converter  made  to  raise  or  lower 
the  voltage  at  the  latter's  terminals.  Besides  the  rotary  conver- 
ter can  be  used  to  compensate  for  lagging  currents  of  iii<luction 
motors,  etc. 

The  use  of  the  rotary  converter  to  change  from  direct  to  alter- 
nating current  is  somewhat  dangerous,  since  any  change  in  the 
alternating  current  system  supplied  by  the  rotary  converter, 
which  causes  lagging  currents  to  flow,  will  react  demagnetizing 
upon  the  rotary  converter  field,  and  thereby  cause  the  rotary 
converter  to  speed  uj)  in  the  same  way  as  any  direct  current  mo- 
tor with  reduced  tield  strength  speeds  up.  Therefore  when  U8e<l 
in  this  manner,  means  have  to  be  provided  to  check  automatically 
any  undue  acceleration  cause<l  by  lagging  alternating  currents. 

Prof.  Thomson  : — There  is  just  one  (consideration  I  would  like 
to  call  attention  to  in  the  discussion  of  this  subject,  and  that  is 
that  the  machine  which  is  excited  as  a  constant  potential  machine 
has  virtually  on  its  tield  a  copper  baud  which  is  of  course  in  in- 
<iuctive  relation  to  the  mass  of  the  field  such  as  would  tend  to 
j)revent  variation  in  the  total  flux  through  the  whole  section,  but 
of  course  would  not  prevent  variation  in  flux  relatively,  the  one 
portion  of  the  pole  |)iece  to  the  other,  and  it  would  he  of  course 
an  interesting  matter  to  determine  just  how  far  this  difference 
pn^vents  the  discovery  of  other  variations  or  greater  variations 
than  those  found. 

TnK  Prksidknt: — Are  there  any  further  remarks  on  this  sub- 
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jectt  If  Dot  I  will  ask  Vice  President  Steinmetz  to  kindly 
take  the  Chair. 

Mr.  Steinmetz  took  the  Chair. 

Th£  Chairman  : — Tlie  next  paper  in  order  is  Professor  Jack- 
son's paper  on  "Electrical  Cooking  Apparatus."'  In  Mr.  Jack- 
son's absence  I  will  ask  the  Secretary  to  read  the  i)aper. 


A  Pmptr  prtttnUd  «/  M«  I4tk  GtKtral  MtHing  9/ 
tkt  Amtricmn  tnstituU  0/  Rltcirieal  Engim*€rt^ 
SIM^  Mt.,  July  aStk,  /9q7.  Vice^Rrtsidtnt 
Sttf^itMUM  in  tki  CAair. 


THE  ECONOMY  AND  UTILITY  OF  ELECTRICAL 

COOKING  APPARATUS. 


BY    JOHN    PKIOK   .TA(^K80N. 


The  tests  of  electrical  cooking  apparatus  detailed  in  this  paper 
were  made  with  the  hope  of  obtaining  a  method  of  cooking  that 
would  be  satisfactory  with  a  minimum  risk  of  tire.  During  the 
past  winter  a  serious  tire,  which  might  readily  have  l>ecome  dis- 
astrous, occurred  in  one  of  the  buildings  of  the  college  with  which 
the  writer  is  connected,  caused  bv  the  use  of  an  alcohol  stove. 
As  this  institution  is  lighted  and  furnished  with  power  by  elec- 
tricity, it  naturally  was  felt  that  such  a  danger  should  be  avoided, 
if  possible,  by  the  use  of  electrical  appliances.  It  was  also  de- 
sired to  ascertain  whether  at  least  a  portion  of  the  cooking  in  the 
Woman's  Department  of  the  college  could  not  be  done  satisfac- 
torily by  electricity. 

To  determine  these  points,  I  procured  from  the  American  Ele<?- 
trical  Heating  Corporation,  of  Boston,  through  the  court^^sy  of 
Mr.  J.  E.  Sayles,  the  following  pieces  of  apparatus : 

1  oven,  13"  X  9"  X  18^  having  three  heats,  3,  10  and  17  am- 
})eres  respectively. 

3  stoves  of  2,  4  and  5  amperes  respectively. 

2  flatirons  of  1.5  and  6  amperes  capacity. 
1  broiler  of  12  amperes  capacity. 

1  curling  iron  of  i  ampere  capacity. 

The  pressure  used  by  these  is  110  volts. 

The  stoves  are  round  disks  of  iron,  on  the  under  side  of  which 
the  heating  wires  are  imbedded  in  a  non-conducting,  in- 
combustible compound.  The  oven  is  a  box,  so  thoroughly  hent- 
insulated  that  the  outside  metal  covering  never  reaches  a  tem- 
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peratnre  uncomfortable  to  the  hand.  The  broiler  is  made  of  a 
corrugated  metal  surface,  slightly  tipped  from  tlie  horizontal^ 
with  a  drip  groove  at  the  lower  edge  for  catching  the  meat  juices. 
The  flatirons  are  similar  in  construction  to  the  stoves,  the  larger 
one  having  a  low  current  switch,  which  enables  the  operator  to 
control  the  heat. 

In  all  these  appliances  the  heating  coils  are  so  armnged  that 
the  energy  is  krgely  concentrated  at  useful  points.  They  are 
also  supplied  with  supports  and  bases  which  will  not  conduct 
heat. 

The  ethciencies  of  the  two  larger  stoves  were  obtained  by  heat- 
ing two  pounds  of  water  to  the  boiling  point  and  measuring  the 
power  supplied  by  a  calibrated  wattmeter.  The  cooking  vessels 
used  were  ordinary  stewing  pans,  with  the  bases  nearly  of  the 
same  size  as  the  tops  of  the  stoves.  The  efficiencies,  considering^ 
the  ratio  between  the  amount  of  heat  absorbed  by  the  water  and 
the  amount  received  by  the  stoves  were  : 

For  the  larger  or  No.  1,  48.9  per  cent. 

For  the  next  size,    '*    2,  43.1         ** 

These  efficiencies  could  be  increased  by  having  the  pans  made 
to  tit  the  stoves  exactly,  and  still  further  by  carefully  covering 
the  pans,  lids  and  exposed  portions  of  the  stoves  with  a  non- 
conductor of  heat. 

When  it  is  desired  to  boil  water,  the  l)e6t  plan  is  to  place  an 
immersion  coil  in  a  properly  heat-insulated  pot;  such  an  arrange- 
ment should  give  an  efficiency  of  from  90  to  100  per  cent.  We 
unluckily  did  not  have  such  a  coil  at  our  disposal. 

It  was  impossible  to  measure  the  cooking  efficiency  of  the 
oven,  but  as  it  was  merely  warm  on  the  outside  after  potatoes  or 
bread  had  been  baked  and  '*done  to  a  turn,"  the  efficiency  is 
high.  In  baking,  the  current  was  turned  on  and  the  oven  al- 
lowed to  heat  for  five  minutes  he  fore  the  articles  to  be  cooked 
were  placed  within,  and  the  current  was  turned  off  from  ten  to 
twenty  minutes  before  the  baking  was  done,  when  the  heat  of  the 
oven  was  sufficient  to  com[)lete  the  operation.  The  broiler  was- 
manipulated  in  much  the  same  manner,  thus  utilizinii:  the  great- 
est possible  amount  of  heat.  This  electrical  apparatus  was  used 
for  several  weeks  in  cooking  most  of  the  meals  for  a  family  of  six. 

The  following  table  indicates  the  amount  of  cooking  done  for 
the  first  breakfast,  dinner  and  supper,  respectively,  and  may  be 
taken  as  a  fair  average  of  the  whole  period. 
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All  costs  have  been  estimated  on  the  basis  of  10  cents  per 
kilowatt  hour,  the  average  rate  charged  for  residence  electrical 
supply  in  a  near-by  town.  The  foods  were  not  measured,  as  it 
was  believed  more  desirable  to  determine  whether  in  a  long 
period  of  cooking  the  apparatus  would  prove  satisfactory  for  a 
family  of  given  size. 

The  largest  stove  is  designated  No.  1 ;  the  next  size,  No.  2 ; 
the  third  size,  No.  3 ;  the  broiler,  b  and  the  oven,  o. 

BREAKFAST. 

TIME.  UTIMSILS.  FOOD.  WJiTT^. 

6.55 No.  1.  on    Rolled  Oats 

6.55 2,  on    Coflfee 844 

7.45... 1,  off 

7.45 B.on     Beefsteak 1600 

7.55 2,  off     1155 

Kilowatt  Hours,  1.355  Cost,  11.46  cents. 

DINNER. 

10.51 No.  0,  on  Beef  Roast .. ..  ) 

10.55 Potatoes \ 1610 

11.85 Pie ) 

11.46 1.  on    Asparagus 11>90 

12.05 0.  off 

12.05 2,  on    Coffee 1180 

12.11 B,  on    Toast  for  Asparagus 2200 

12.29 1.  off     1885 

12  82 B,  off 

12.82 2,  off 

Kilowatt  Hours,  2.98  Cost,  29.8  cents. 

SUPPER. 

4.59 No.  1,  on  Cocoa 630 

5.15 2,  on  Potato  Cakes 1010 

5.16 B,on  Omelet 2100 

5.22 2,  off  1700 

5.26 B,  off 

5.26 2,  on  1180 

5.43 2.  off  640 

5.44 1.  off 

Kilowatt  Hours,  8.30  Cost,  8.89  cents. 

Four  pie8  can  be  baked  in  the  oven  at  an  expenditure  of  .62 
kilowatt  hours  and  a  cost  of  (>.2  cents  or  2.05  cents  per  pie.  Two 
large  loaves  of  bread  were  baked  with  the  current  on  the  oven 
50  minutes,  at  an  expenditure  of  1.22  kilowatt  hours,  a  cost  of 
12.2  cents  or  6.1  cents  per  loaf.  Four  rather  small-sized  loaves 
rould  have  been  baked  as  readily.  Biscuits  with  about  the  sam& 
expenditure  of  energy  as  in  the  case  of  pies.     The  broiler  utilized 


484  JA0K80N  ON  ELECTRICAL  COOKING,  [Julj », 

About  the  Bame  amount  of  energy  for  all  kinds  of  meat  as  indi- 
cated in  the  table.  The  cost  of  soup  sufficient  for  the  family  inia 
about  4.5  cents. 

The  result  of  the  whole  series  of  meals  was  a  cost  for  electric- 
ity of  13^1  cents  per  meal.  The  heating  of  water  for  washing 
tlie  dishes  took  an  additional  .35  of  a  kilowatt  hour  per  mefti, 
which  raises  the  cost  to  16.6  cents  per  meal. 

To  determine  the  relative  cost  of  cooking  with  electricity  and 
•coal,  the  same  foods  were  cooked  on  the  No.  8  Othello  coal  stove 
ordinarily  used  by  the  family.  The  coal  was  carefully  weighed. 
The  results  gave  an  average  of  12.6  pounds  per  meal,  which  at 
$5.00  per  ton  gives  a  cost  of  3.15  cents  per  meal. 

The  results  show  the  cost  of  cooking  by  coal  to  be  about  19  per 
cent  of  the  cost  of  cooking  by  electricity. 

Ironing  was  done  for  the  same  household  a  number  of  times. 
The  heavy  articles  were  done  with  the  large  iron;  while  for 
fancy  dresses  and  light  articles,  the  small  iron  was  used.  The 
average  time  taken  was  four  hours,  and  the  expenditure  of 
■energy  in  kilowatt  hours  was  2.27.  This  made  the  cost  of  the 
ironing  22.7  cents. 

An  equal  number  of  tests  was  made  using  the  coal  range,  the 
fuel  being  carefully  weighed.  For  the  same  sized  wash,  the  iron- 
ing took  five  hours,  at  a  cost  of  12.25  cents.  This  shows  the  cost 
of  energy  by  the  use  of  coal  to  be  54  per  cent,  of  that  by  elec- 
tricity. 

The  results  of  the  cooking  tests  seem  to  indicate  that  for  the 
usual  cooking  of  a  family  for  the  whole  year,  the  expense 
would  be  larger  than  would  be  ordinarily  acceptable,  notwith- 
standing the  great  advantages  in  other  respects.  However,  in  the 
following  classes  the  utility  of  electrical  cooking  utensils  should 
be  great : 

1.  For  light  housekeeping,  such  as  is  practiced  in  small  city 
apartments,  and  in  many  larger  houses  during  the  summer  months, 
no  other  method  presents  so  many  desirable  features.  The  dirt 
of  coal  and  ashes,  disagreeable  gases  and  abnormal  temperature 
due  to  a  coal  stove  are  entirely  avoided.  For  such  housekeep- 
ing a  disk  stove  using  500  or  600  watts  and  a  broiler  using  about 
1200  watts  would  be  sufficient  for  a  small  family  and  would  cost 
from  $20.00  to  $30.00.  A  teakettle  or  immersion  coil  might  be 
^ded  at  a  cost  of  from  $6.00  to  $10.00.  A  special  pair  of  wires 
would  of  necessity  have  to  be  run  into  the  cooking  room  fr^m 
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tke  houBe  or  apartment  supply  mains.  The  latter  would  ordina- 
rily warrant  the  extra  call  that  would  be  made  upon  them  in  this 
way.  For  similar  purposes  coal  oil,  gas  or  gasoline  are  frequently 
used,  but  with  the  inherent  disadvantages  of  greater  heat  in  the 
room,  offensive  odors,  comparative  uncleanliness  and  danger. 

2.  This  fonn  of  cooking  apparatus  could  be  used  with  facility 
in  boarding  houses  and  restaurants  for  purposes  which  require  an 
even  temperature  such  as  is  needed  in  baking  griddle  cakes,, 
boiling  eggs,  etc. 

3.  Where  electricity  is  available,  nothing  could  be  more  con- 
venient than  a  small  electrical  stove,  requiring  300  or  400  watts, 
for  the  many  uses  to  which  at  present  the  alcohol  flame  is  put, 
such  as  the  afternoon  tea-kettle,  chafing-dish,  toaster,  etc.  This 
use  of  alcohol  is  most  unsafe  as  regards  danger  from  fire,  and 
could  well  be  discarded  for  electricity,  which  is  absolutely  safe 
when  properly  installed,  as  well  as  being  more  convenient  and 
better  in  other  respects. 

4.  In  tlie  shop,  the  glue  pot,  solder  pot,  brazing  iron,  etc.,  can 
be  heated  advantageously  by  electricity  and  one  of  the  most 
gratifying  consequences  of  our  experiments  has  been  the  deci- 
sion to  put  such  an  equipment  in  our  college  shops. 

5.  The  test  of  the  electrical  flatirons  showed  them  more  econ- 
omical than  the  old  form,  when  the  saving  of  labor  is  taken 
into  account.  Not  only  is  there  a  saving  in  time,  but  the  severity 
of  labor  is  much  lessened.  Our  experience  is  that  a  laundress 
who  has  used  an  electrical  iron  would  be  exceedingly  unwilling 
to  go  back  to  the  old  form. 

A  small  flatiron  of  two  or  three  amperes  attached  to  the  or- 
dinary lighting  fixture  in  a  dressing  room  is  a  great  convenience; 
and  with  the  electric  tea-kettle  and  curling-iron  is  destined  to 
bocome  essential  in  the  modern  home. 

Concerning  the  question  whether  the  use  of  electricity  had 
proved  satisfactory  in  its  operations  in  the  cooking  tests  described, 
the  housekeeper  in  charge  said :  ^'  The  instruments  were  excel- 
lent in  every  respect.  We  were  able  to  cook  more  rapidly,  to 
keep  the  heat  at  just  the  right  point,  and  could  readily  prevent 
over-cooking  or  under-cooking.  While  we  were  using  electricity 
every  dish  was  perfect.  When  I  think  of  these  advantages  and 
of  the  cleanliness  and  convenience  of  the  utensils,  I  sincerely 
hope  that  some  of  them  at  least  may  be  retained  in  the  house 
permanently." 
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The  general  results  of  the  tests  were  of  such  a  nature  that  the 
writer  is  warranted  in  the  belief  that  if  central  station  managers 
would  more  generally  introduce  exhibition  equipments  of  these 
domestic  utensils,  a  new  call  on  their  station  capacity  would 
develop,  of  which  the  larger  proportion  would  be  during  the 
light  load  periods. 

I  wish  to  acknowledge  my  indebtedness  to  Mr.  Rudolph  F. 
Kelker,  of  Harrisburgh,  Pa.,  for  his  valuable  aid  in  carrying  out 
the  work  briefly  described  above. 
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Dl8CU88ION. 

Prof.  Thomson  : — I  am  sorry  that  the  author  of  the  paper  \% 
not  here  to  give  us  a  little  information  that  it  seems  to  me  ought 
to  be  had,  especially  in  this  country  of  pie.  The  cost  of  baking 
a  pie  is  given,  but  the  size  of  the  pie  is  not  mentioned.  In  the 
same  way  the  cost  of  biscuits  is  said  to  be  the  same  as  that  of 
pie.  This  looks  a  little  suspicious,  as  biscuits  are  usually  small, 
whether  for  the  purpose  of  comparison  the  size  of  the  biscuits 
ought  to  l>e  increased  to  that  of  the  pie,  or  the  size  of  the  pie  to 
be  reduced  to  that  of  the  biscuits,  1  do  not  know.  As  an  inter- 
esting fact  in  this  matter  of  cooking,  I  may  mention  that  many 
years  ago,  I  think  about  1877,  in  a  lecture,  I  showed  as  a  novelty 
At  that  time, — dynamos  were  then  a  novelty — I  showed  the  ex- 
periment of  boiling  an  egg,  and  it  was  at  that  time  quite  a  nov- 
elty. The  experiment  was  performed  by  simply  immersing  a 
little  coil  of  german  silver  wire.  There  was  very  little  water, 
and  in  that  operation  you  could  bring  it  to  a  boilmg  point  in  a 
short  space  oi  time.  1  cooked  the  egg  beautifully  and  ate  it 
after  the  lecture. 

Prof.  Owens: — The  statement  that  electrical  cooking  appa- 
ratus is  likely  to  help  out  the  station  load  diagram,  I  think  is  an 
error.  The  breakfast  cookings  and  dinner  cooking  will  cei*tainly 
come  about  the  time  when  the  heavy  morning  ana  evening  loads 
are  on.  I  note  that  he  has  made  no  comparison  with  tne  gas 
stove  which  seems  to  be  the  favorite  utensil  for  cooking  in  a 
small  way.  Not  having  had  the  experience  with  domestic  cook- 
ing appamtus  etc.,  that  l*rof.  Jackson  has,  I  am  unable  to  criti- 
cise the  figures  he  gives  for  the  cooking  of  actual  food  material ; 
but  I  conducted  a  long  series  of  experiments  a  year  ago  to  de- 
termine the  eflSciency  of  various  pieces  of  electric  cooking  appa- 
ratus, using  water  in  every  case  as  a  means  of  absorbing  the 
power,  and  1  am  sorry  I  have  not  the  results  with  me,  or  the  curves, 
but  I  will  be  glad  to  send  a  few  of  them  in  as  a  written  commu- 
nication. 

The  Seckktary  : — I  regret,  Mr.  Chairman,  that  this  paper  came 
to  hand  at  such  a  late  hour  that  I  could  not  make  any  mqniries  in 
regard  to  these  matters.  I  am  not  very  well  posted  on  the  sub- 
ject of  cooking  by  electricity,  but  my  tnoughts  turned  in  the  same 
direction  as  Prof.  Thomson's,  because,  being  a  native  of  New 
England,  and  a  long  time  sojourner  in  New  York,  I  have  had 
experience  with  different  forms  of  pie  and  different  sizes  of  loaves 
of  bread,  and  I  have  seen  loaves  of  bread  baked  in  a  dish-pan  in 
camp.  If  you  could  bake  one  of  those  for  six  cents,  it  would 
perhaps  be  a  reasonable  cost.  1  was  unable  to  get  any  further 
information,  and  this  paper  was  printed  after  I  left.  I  received 
it  since  1  arrived  here. 

The  Chairman  : — ^Is  there  any  further  discussion  ?  If  there  is 
no  further  discussion,  the  programme  of  the  June  meeting,  1897, 
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is  closed.  But  before  the  meeting  adjourns,  I  think  I  express  the 
sentiment  of  the  Institute  by  expressmg  the  lieartfelt  thanks  of 
the  Institute  to  the  residents  of  Greenacre,  and  especially  the 
ladies  for  their  hospitality,  and  the  very  pleasant  reception  they 
have  accorded  to  us.  In  the  name  of  the  Institute  I  thank 
them.     (Applause). 

The  General  Meeting  then  adjourned,  mine  di^. 
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THE 

National  Electrical  Code, 

AS   ADOPTED   BY  THE 

NATIONAL  CONFERENCE  ON 

STANDARD  ELECTRICAL  RULES. 

New  York,  March  1 8th  and  19th.  1896. 


GENERAL    PLAN 

GOVERNING    THE   ARRANGEMENT   OP   RULES. 


CLASS  A. — Central  Stations.  Dynamo,  Motor  and  Storage-Battery 
Rooms,  Transformer  Sub-stations,  etc.    Rules  i  to  1 1 . 

CLASS  B. — Outside  Work,  all  systems  and  voltages.    Rules  12  and  13. 

CLASS  C. — Inside  Work.     Rules  14  to  39.     Subdivided  as  follows : 
General  Rules,  applying  to  all  systems  and  voltages.    Rules  14  to  17. 
Constant-Current  systems.    Rules  18  to  20. 
Constant-Potential  systems. 
All  voltages.    Rules  21  to  23. 
Voltage  not  over  300.     Rules  24  to  31. 
Voltage  between  300  and  3,000.     Rules  32  to  37. 
Voltage  over  3,000.     Rules  38  to  39. 
CLASS  D.— Specifications  for  Wires  and  Fittings.    Rules  40  to  55. 
CLASS  E. — Miscellaneous.    Rules  56  to  59. 
CLASS  F.— Marine  Wiring.    Rules  60  to  72. 

GENERAL  SUGGESTIONS. 

In  all  electric  work  conductors,  however  well  insulated,  should  always 
be  treated  as  bare,  to  the  end  that  under  no  conditions,  existing  or  likely 
to  exist,  can  a  grounding  or  short  circuit  occur,  and  so  that  all  leakage  from 
conductor  to  conductor,  or  between  conductor  and  ground,  may  be  reduced 
to  the  minimum. 

In  all  wirmg  special  attention  must  be  paid  to  the  mechanical  execution 
of  the  work.  Careful  and  neat  running,  connecting,  solderinfir.  tapping  of 
conductors  and  securing  and  attaching  of  fittings,  are  specially  conducive 
to  security  and  efficiency,  and  will  be  strongly  insisted  on. 

In  laymg  out  an  installation,  except  for  constant- current  systems,  the 
work  should,  if  possible,  be  started  from  a  centre  of  distribution,  and  the 
switches  and  cut  outs,  controlling  and  connected  with  the  several  branches, 
be  grouped  together  in  a  safe  and  easily  accessible  place,  where  thev  can 
be  readily  got  at  for  attention  or  repairs.  The  load  should  be  diviaed  as 
evenly  as  possible  among  the  branches,  and  all  complicated  and  unneces- 
sary wiring  avoided. 

1  he  use  of  wire- ways  for  rendering  concealed  wiring  permanently  acces- 
sible is  most  heartily  indorsed  and  recommended ;  and  this  method  of 
accessible  concealed  construction  is  advised  for  general  use. 

Architects  are  urged,  when  drawing  plans  and  specifications,  to  make 
provision  for  the  channeling  and  pocketing  of  buildings  for  electric  light  or 
power  wires,  and  in  specifications  for  electric  gas  lighting  to  require  a  two- 
wire  circuit,  whether  the  building  is  to  be  wired  for  electric  lighting  or  not, 
so  that  no  part  of  the  gas  fixtures  or  gas  piping  be  allowed  to  be  used  for 
the  gas-lighting  circuit. 
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Class  A. 
STATIONS  AND   DYNAMO   ROOMS 

Includes  Central  Stations^  Dynamo^  Motor  and  Storage  Battery  Rooms^   Trans- 

former  Sub- Stations ^  Etc. 


1 .  Generators.— 

a.  Must  be  located  in  a  dry  place. 

b.  Must  never  be  placed  in  a  room  where  any  hazardous  process  is  carried 
on,  nor  in  places  where  they  would  be  exposed  to  inflammable  gases  or 
flyings  of  combustible  materials. 

c.  Must  be  insulated  on  floors  or  base  frames,  which  must  be  kept  filled 
to  prevent  absorption  of  moisture,  afnd  also  kept  clean  and  dry.  Where 
frame  insulation  is  impracticable,  the  inspection  department  having  juris- 
diction may,  in  writing,  permit  its  omission,  in  which  case  the  frame  must 
be  permanently  and  effectively  grounded. 

A  high-potential  machine  which,  on  account  of  ereat  weight  or  for  other  reasons, 
can  not  have  its  frame  insulated  from  the  ground,  should  be  surrounded  with  an  insu- 
lated platform.  This  may  be  made  of  wood,  mounted  on  insulating  supports,  and  so 
arranfi^ed  that  a  man  must  always  stand  upon  it  in  order  to  touch  any  part  of  the 
machme. 

In  case  of  a  machine  having  an  insulated  frame,  if  there  is  trouble  from  static  elec- 
tricity due  to  belt  friction,  it  should  be  overcome  by  placing  near  the  belt  a  metallic 
comb  connected  with  the  earth,  or  by  grounding  the  frame  through  a  very  high  resis- 
tance of  not  less  than  aoo  ohms  per  volt  generated  by  the  machine. 

d.  Every  constant-potential  generator  must  be  protected  from  excessive 
current  by  a  safety  fuse,  or  equivalent  device  of  approved  design  in  each 
lead  wire. 

These  devices  should  be  placed  on  the  machine  or  as  near  it  as  possible. 
Where  the  needs  of  the  service  make  these  devices  impracticable,  the  Inspection 
Department  having  jurisdiction  may,  in  writing,  modify  the  requirements. 

e.  Must  each  be  provided  with  a  waterproof  cover. 

/.  Must  each  be  provided  with  a  name-plate,  giving  the  maker's  name, 
the  capacity  in  volts  and  amperes,  and  normal  speed  in  revolutions  per 
minute. 

2.  Conductors.— 

Prom  generators  to  switchboards,  rheostats  or  other  instruments,  and 
thence  to  outside  lines. 

a.  Must  be  in  plain  sight  or  readily  accessible. 

b.  Must  have  an  approved  insulating  covering  as  called  for  by  rules  in 
Class  "C"  for  similar  work,  except  that  in  central  stations,  on  exposed  cir- 
cuits, the  wire  which  is  used  must  have  a  heavy  braided  non-combustible 
outer  covering. 

Bus  bars  may  be  made  of  bare  metal. 

r.  Must  be  kept  so  rigidly  in  place  that  they  can  not  come  in  contact. 

d.  Must  in  all  other  respects  be  installed  under  the  same  precautions  as 
required  by  rules  in  Class  '*C"  for  wires  carrying  a  current  of  the  same  vol- 
ume and  potential. 

3.  Switohboards.— 

fl.  Must  be  so  placed  as  to  reduce  to  a  minimum  the  danger  of  communi- 
cating fire  to  adjacent  combustible  material. 

Special  attention  is  called  to  the  fact  that  switchboards  should  not  be  built  down  to 
the  floor,  nor  up  to  the  ceiling,  but  a  space  of  at  least  ten  to  twelve  inches  should  be  left 
between  the  floor  and  the  board,  and  from  eighteen  to  twenty-four  inches  between  the 
ceiling  and  the  board  in  order  to  prevent  fire  from  communicating  from  the  switch- 
board to  the  floor  or  ceiling,  and  also  to  prevent  the  forming  of  a  partially  concealed 
space  very  liable  to  be  used  for  storage  oi  rubbish  and  oily  waste. 

b.  Must  be  made  of  non-combustible  material  or  hardwood  in  skeleton 
form,  filled  to  prevent  absorption  or  moisture. 

r.  Must  be  accessible  from  all  sides  when  the  connections  are  on  the  back, 
but  may  be  placed  against  a  brick  or  stone  wall  when  the  wiring  is  entirely 
on  the  tace. 
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d.  Must  be  kept  free  from  moisture. 

^.  Bus  bars  must  be  equipped  in  accordance  with  the  rules  for  placing 
conductors. 

4.  Resistance  Boxes  and  Equalizers.— 

{For  construction  rules,  see  No,  j^.) 

a.  Must  be  placed  on  a  switchboard  or,  if  not  thereon,  at  a  distance  of  a 
foot  from  combustible  material,  or  separated  therefrom  by  a  ncn-inflam- 
mable,  non-absorptive,  insulating  material. 

5.  LIffhtnlnff  Arresters.— 

(For  construction  rules^  see  No,  ^j,) 

a.  Must  be  attached  to  each  side  of  every  overhead  circuit  connected 
with  the  station. 

It  is  recommended  to  all  electric  light  and  power  companies,  that  arresters  be  con- 
nected at  intervals  over  systems  in  such  numbers  and  so  located  as  to  prevent  ordinary 
discharges  entering  (over  the  wires)  buildings  connected  to  the  lines. 

b.  Must  be  located  in  readily  accessible  places  away  from  combustible 
materials,  and  as  near  as  practicable  to  the  point  where  the  wires  enter  the 
building. 

Station  arresters  should  generally  be  placed  in  plain  sight  on  the  switch- 
board. 

In  all  cases,  kinks,  coils  and  sharp  bends  in  the  wires  between  the  arresters 
and  the  out-door  lines  must  be  avoided  as  far  as  possible. 

c.  Must  be  connected  with  a  thoroughly  good  and  permanent  ground  con- 
nected by  metallic  strips  or  wires  having  a  conductivity  not  less  than  that 
of  a  No.  6  B.  ft  s.  copper  wire,  which  must  be  run  as  nearly  in  a  straight 
line  as  possible  from  the  arresters  to  the  earth  connection. 

Ground  wires  for  lighting  arresters  must  not  be  attached  to  gas  pipes 
within  the  buildings. 

It  is  often  desirable  to  introduce  a  choke  coil  in  the  circuit  between  the  arresters 
and  the  dynamo.  In  no  case  should  the  ground  wire  from  a  lightning  arrester  be  put 
into  iron  pipes,  as  these  would  tend  to  impede  the  discharge. 

6.  Care  and  Attendance.— 

a,  A  competent  man  must  be  kept  on  duty  where  generators  are  operating. 

b.  Oily  waste  must  be  kept  in  approved  metal  cans  and  removed  daily. 

Approved  waste  cans  shall  t>e  made  of  metal,  with  legs  raising  can  three  inches  from 
the  noor,  with  self-closing  covers. 

7.  Teatlnff  of  Insulation  Resistance.— 

a.  All  circuits  must  be  provided  with  reliable  ground  detectors.  Detec- 
tors which  indicate  continously,  and  give  an  instant  and  permanent  indica- 
tion of  a  ground  are  preferable.  Ground  wires  from  detectors  must  not 
be  attached  to  gas  pipes  within  the  building. 

b.  Where  continuously  indicating  detectors  are  not  feasible,  the  circuits 
should  be  tested  at  least  once  per  day,  and  preferably  oftener. 

c.  Data  obtained  from  all  tests  must  be  preserved  for  examination  by  the 
Inspection  Department  having  jurisdiction. 

These  rules  on  testing  to  be  applied  at  such  places  as  may  be  designated  by  the  In- 
spection Department  having  jurisdiction. 

8.  Motors.— 

a.  Must  be  insulated  on  floors  or  base  frames,  which  must  be  kept  filled 
to  prevent  absorption  of  moisture  ;  and  must  be  kept  clean  and  dry.  Where 
frame  insulation  is  impracticable,  the  Inspection  Department  having  juris- 
diction may,  in  writing,  permit  its  omission,  in  which  case  the  frame  must 
be  permanently  and  effectively  grounded. 

A  high-potential  machine  which,  on  account  of  great  weight  or  for  other  reasons, 
can  not  have  its  frame  insulated,  should  be  surrounded  witn  an  insulated  platform. 
This  may  be  made  of  wood,  mounted  on  insulating  supports,  and  so  arranged  that  a 
man  must  stand  upon  it  in  order  to  touch  any  part  of  the  machine. 

In  case  of  a  machine  having  an  insulated  trame,  if  there  is  trouble  from  static  elec- 
tricity due  to  belt  friction,  it  should  be  overcome  by  placing  near  the  belt  a  metallic 
comb  connected  to  the  earth,  or  by  grounding  the  frame  through  a  very  high  resistance 
of  not  less  than  900  ohms  per  volt  generated  by  the  machine. 
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b.  Must  be  wired  under  the  same  precautions  as  required  by  rules  in 
Class  "C,"  for  wires  carrying  a  current  of  the  same  volume  and  potential. 

The  leads  or  branch  circuits  should  be  desigrned  to  carry  a  current  at  least  fifty  per 
cent,  greater  than  that  required  by  the  rated  capacity  of  the  motor  to  provide  for  the 
inevitable  overloading^  of  the  motor  at  times  without  over-fusing:  the  wires. 

e.  The  motor  and  resistance  box  must  be  protected  by  a  cut  out  and  con- 
trolled  by  a  switch  (see  No.  1 7  a),  said  switch  plainly  indicating  whether 
'  *on"  or  *  'ofiE.  '*  Where  one-quarter  horse-power  or  less  is  used  on  low-tension 
circuits  a  single-pole  switch  will  be  accepted.  The  switch  and  rheostat 
must  be  located  within  sight  of  the  motor,  except  in  such  cases  where 
special  permission  to  locate  them  elsewhere  is  given,  in  writing,  by  the 
Inspection  Department  having  jurisdiction. 

d.  Must  have  their  rheostats^or  starting  boxes  located  so  as  to  conform  to 
the  requirements  of  Rule  4. 

In  connection  with  motors  the  use  of  circuit  breakers,  automatic  starting:  boxes  and 
automatic  under-load  switches  is  recommeded,  and  they  must  be  used  when  required. 

€.  Must  not  be  run  in  series-multiple  or  multiple-series. 

/.  Must  be  covered  with  a  water-proof  cover  when  not  in  use,  and,  if 

deemed  necessary  by  the  Inspection  Department  having  jurisdiction,  must 

be  inclosed  in  an  approved  case. 

From  the  nature  of  the  question  the  decision  as  to  what  is  an  approved  case  must  be 
left  to  the  Inspection  Department  having  jurisdiction  to  determine  in  each  instance. 

g.  Must,  when  combined  with  ceiling  fans,  be  hung  from  insulated  hooks, 
or  else  there  must  be  an  insulator  interposed  between  the  motor  and  its 
support. 

h.  Must  each  be  provided  with  a  name-plate,  giving  the  maker's  name, 
the  capacity  in  volts  and  amperes  and  the  normal  speed  in  revolutions  per 
minute. 

9.  Railway  Pov/er  Plants  — 

a.  Must  be  equipped  in  each  feed  wire  before  they  leave  the  station  with 
an  approved  automatic  circuit  breaker  (see  No.  44)  or  other  device,  which 
will  immediately  cut  off  the  current  in  case  of  a  ground.  This  device  must 
be  mounted  on  a  fireproof  base,  and  in  full  view  and  reach  of  the  attendant. 

1  O.  Storasre  or  Primary  Batteries.— 

a.  When  current  for  light  and  power  is  taken  from  primary  or  secondary 
batteries,  the  same  general  regulations  must  be  observed  as  applied  to 
similar  apparatus  fed  from  dynamo  generators  developing  the  same  differ- 
ence of  potential. 

b.  Storage  battery  rooms  must  be  thoroughly  ventilated. 

c.  Special  attention  is  directed  to  the  rules  for  rooms  where  acid  fumes 
exist.    (See  No.  24./ and  k.) 

d.  All  secondary  batteries  must  be  mounted  on  non-absorptive,  non- 
combustible  insulators,  such  as  glass,  or  thoroughly  vitrified  and  glazed 
porcelain. 

e.  The  use  of  any  metal  liable  to  corrosion,  must  be  avoided  in  connections 
of  secondary  batteries. 

1  1 .  Transformers.— 

{For  (onsiruction  rules  see  Ko.  J4.) 

a.  In  central  or  sub-stations  the  transformers  must  be  so  placed  that 
smoke  from  the  burning  out  of  the  coils  or  the  boiling  over  of  the  oil  (where 
oil  filled  cases  are  used)  could  do  no  harm. 
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Class  B. 

OUTSIDE  WORK. 

All  Systems  and  Voltages, 


1  2.  Wires.- 

a.  Service  wires  must  have  an  approved  rubber  insulating  covering. 
(See  No.  40  a.)  Line  wires,  other  Uian  services,  must  have  an  approved 
weather-proof,  or  rubber  msulating  covering.  ( See  No.  40  a  and  %.)  All 
the  wires  must  have  an  insulation  equal  to  that  of  the  conductors  they  confine. 

b.  Must  be  so  placed  that  moisture  can  not  form  a  cross  connection  be- 
tween  them,  not  less  than  a  foot  apart,  and  not  in  contact  with  any  sub- 
stance other  than  their  insulating  supports.  Service  blocks  must  be  covered 
over  their  entire  surface  with  at  least  two  coats  of  waterproof  paint. 

c.  Must  be  at  least  seven  feet  above  the  highest  point  of  flat  roofs,  and 
at  least  one  foot  above  the  ridge  of  pitched  roofs  over  which  they  pass  or 
to  which  they  are  attached. 

d.  Must  be  protected  by  dead  insulated  guard  iron  or  wires  from  possi- 
bility of  contact  with  other  conducting  wires  or  substances  to  which  current 
may  leak.  Special  precautions  of  this  kind  must  be  taken  where  sharp 
angles  occur,  or  where  any  wires  might  possibly  come  in  contact  with 
electric  light  or  power  wires. 

e.  Must  be  provided  with  petticoat  insulators  of  glass  or  porcelain. 
Porcelain  knobs  or  cleats  and  rubber  hooks  will  not  be  approved. 

/.  Must  be  so  spliced  or  joined  as  to  be  both  mechanically  and  electrically 
secure  without  solder.  The  joints  must  then  be  soldered,  to  insure  preser- 
vation, and  covered  with  an  insulation  equal  to  that  on  the  conductors. 

AH  joints  must  be  soldered,  even  if  made  with  some  form  of  patent  splicing:  device. 
This  ruling  applies  to  joints  and  splices  in  all  classes  of  wiring  covered  oy  these  rules. 

g.  Must,  where  they  enter  buildings,  have  drip  loops  outside,  and  the 
holes  through  which  Che  conductors  pass  must  be  bushed  with  non-com. 
bustible,  non-absorptive  insulating  tubes  slanting  upward  toward  the  inside. 

h.  Telegraph,  telephone  and  similar  wires  must  not  be  placed  on  the 
same  cross-arm  with  electric  light  or  power  wires. 

f.  The  metallic  sheathes  to  cables  must  be  permanently  and  effectively 
connected  to  **  earth." 

Trolley  Wires. 

y.  Must  not  be  smaller  than  No.  o  b.  &  s.  copper  or  No.  4  b.  &  s.  silicon 
bronze,  and  must  readily  stand  the  strain  put  upon  them  when  in  use. 

k.  Must  have  a  double  insulation  from  the  ground.  In  wooden  pole  con- 
struction, the  pole  will  be  considered  as  one  insulation. 

/.  Must  be  capable  of  being  disconnected  at  the  power  plant,  or  of  being 
divided  into  sections,  so  that,  in  case  of  fire  on  the  railway  route,  the  current 
may  be  shut  off  from  the  particular  section  and  not  intenere  with  the  work 
of  the  firemen.     This  rule  also  applies  to  feeders. 

m.  Must  be  safely  protected  against  accidental  contact  where  crossed  by 
other  conductors. 

Guard  wires  should  be  insulated  from  the  ground  and  should  be  electrically  discon- 
nected in  sections  of  not  more  than  900  feet  in  length. 

Ground  Return  Wires. 

n.  For  the  diminution  of  electrolytic  corrosion  of  under^ound  metal 
work,  ground  return  wires  must  be  so  arranged  that  the  difference  of  po- 
tental  between  the  grounded  dynamo  terminal  and  any  point  on  the  return 
circuit  will  not  exceed  twenty  five  volts. 

It  is  suggested  that  the  positive  pole  of  the  dynamo  be  connected  to  the  trolley  line, 
and  that  whenever  pipes  or  other  underground  metal  work  are  found  to  be  electrically 
positive  to  the  rails  or  surrounding  earth,  that  they  be  connected  by  conductors  ar- 
ranged so  as  to  prevent  as  far  as  possible  current  flow  from  the  pipes  unto  t.>x<^  ^cstoxAl. 
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13.  Transformers.— 

{For  construction  ruieSt  J^'  ^<^«  S4') 

a.  Must  not  be  placed  inside  of  any  building,  excepting  central  stations, 
unless  by  special  permission  of  the  Inspection  Department  having  juris- 
diction. 

b.  Must  not  be  attached  to  the  outside  walls  of  buildings  unless  separated 
therefrom  by  substantial  supports. 


Class  C. 
INSIDE  WORK. 

All  Systems  and  Voltages, 
GENERAL  RULES— ALL  SYSTEMS  AND  VOLTAGES. 


14  Wires.- 

(For  special  rules,  see  Nos.  iS,  24^  j^,  j8  and  jq.) 

a.  Must  not  be  of  smaller  size  than  No.  14  b.  &  s..  except  as  allowed  under 
Rules  2411  and  40^. 

b.  Tie  wires  must  have  an  insulation  equal  to  that  of  the  conductors  they 
confine. 

c.  Must  be  so  spliced  or  joined  as  to  be  both  mechanically  and  electricrJly 
secure  without  solder  ;  they  must  then  be  soldered  to  insure  preservation, 
and  the  joint  covered  with  an  insulation  equal  to  that  on  the  conductors. 

Stranded  wires  must  be  soldered  before  being  fastened  under  clamps  or 
binding  screws,  and  when  they  have  a  conductivity  greater  than  No.  10 
B.  ft  s.  copper  wire,  they  must  bie  soldered  into  lugs. 

All  joints  must  be  soldered,  even  if  made  with  some  form  of  patent  splicing  device. 
This  ruling  applies  to  joints  and  splices  in  all  classes  of  wiring  covered  oy  these  rules. 

d.  Must  be  separated  from  contact  with  walls,  floors  timbers  or  partitions 
through  which  they  may  pass  by  non-combustible,  non -absorptive  insulat- 
ing tubes,  such  as  glass  or  porcelain. 

Bushings  must  be  long  enough  to  bush  the  entire  lenji^h  of  the  hole  in  one  continuous 
piece,  or  else  the  hole  must  first  be  bushed  by  a  continuous  waterproof  tube,  which 
may  oe  a  conductor,  such  as  iron  pipe  ;  the  tube  then  is  to  have  a  non-conducting  bush- 
ing pushed  in  at  each  end  so  as  to  keep  the  wire  absolutely  out  of  contact  with  tlie 
conaucting  pipe. 

e.  Must  be  kept  free  from  contact  with  gas,  water  or  other  metallic  pip- 
ings, or  any  other  conductors  or  conducting  material  which  they  may  cross, 
by  some  continuous  and  firmly  fixed  non-conductor,  creating  a  separation 
01  at  least  one  inch.  Deviations  from  this  rule  may  sometimes  be  allowed 
by  special  permission. 

f.  Must  be  so  placed  in  wet  places  that  an  air  space  will  be  left  between 
conductors  and  pipes  in  crossing,  and  the  former  must  be  run  in  such  a 
way  that  they  cannot  come  in  contact  with  the  pipe  accidentally.  Wires 
should  be  run  over,  ratlier  than  under,  pipes  upon  which  moisture  is  likely 
to  gather  or  which,  by  leaking,  might  cause  trouble  on  a  circuit. 

1  5.  Undersrround  Conduotors.— 

a.  Must  be  protected,  when  brought  into  a  building,  against  moisture  and 
mechanical  injury,  and  all  combustible  material  must  be  kept  removed  from 
the  immediate  vicinity. 

b.  Must  not  be  so  arranged  as  to  shunt  the  current  through  a  building 
around  any  catch-box. 

1  6.  Table  of  Carryinsr  Capacity  of  Wires.— 

Below  is  a  table  showing  the  allowable  carrying  capacity  of  wires  con- 
taining ninety-eight  per  cent,  pure  copper,  which  must  be  followed  in 
placing  interior  conductors : 
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Table  A. 
Rubber  Covered  Wires. 
See  No.  40  a. 

B.  &  S.  G. 

18  

16 

»4 


Amperes. 

:;.    I:. 


ro 
8. 
6 

5 

4 

3 
a. 

I. 

o. 

00 

000. 

0000 


IS. 

% 

54. 

65 

76 

90. 
107. 

"7. 
150. 

»77 
a  10. 


Circular  Mills. 


900|000. ....,    •••• >•.*•■• 900. 

300,000 270. 

400,000 330. 

500,000 390. 

600,000 ....  4;o. 

700,000 500. 

800,000 550. 

900.000. 600 

1,000,000 650. 

i,too,ooo 690. 

i,aoo,ooo .....••••• ...••  730* 

1,300,000 770. 

1,400,000 810. 

1,500,000 850 

1,600,000 890. 

2,700,000 930. 

x,8oo,ooo 970. 

1,900,000 1,010 

a,ooo,ooo I1O50. 


Table  B. 

Weatherproof  Wires. 

See  No.  40  h. 


Amperes. 

;::    I 

...      16 


•••••■ 


•  •  •  » 


93 

4^ 

6S 

77 

9a 
110 

185 


969 
319 


I  •  •  •  ••« 


300 

....      400 
....     500 

::::•  iS 

760 

840 

....    920 
. ..  .1,000 

...  .  .  Z  ,OoO 
1,150 

1 ,9ao 

«.«90 

i.3<»o 

..  ..1,430 

J.490 

I  550 

, 1,610 

'.670 


The  lower  limit  is  specified  for  rubber-covered  wires  to  prevent  gradual  deteriora- 
tion of  the  high  insulations  by  the  heat  of  the  wires,  but  not  from  fear  of  igniting  the 
insulation.    The  question  of  drop  is  not  taken  into  consideration  in  the  above  tables. 

The  carrying  capacity  of  sixteen  and  eighteen  wire  is  given,  but  no  smaller  than 
fourteen  is  to  be  used,  except  as  allowed  under  Rules  24  u  and  40  c. 

1  7.  Switches,  Cut-outs,  Circuit  Breakers,  Etc.— 

{For  construction  rules  see  Nos.  ^j,  44  and  4^.) 

a.  Must,  whenever  called  for,  unless  otherwise  provided  (for  exceptions 
see  No.  8  c  and  No.  2a  c),  be  so  arranged  that  the  cut-outs  will  protect,  and 
the  opening  of  the  switch  or  circuit  breaker  will  disconnect,  all  of  the  wires; 
that  IS,  in  a  two- wire  system  the  two  wires,  and  in  a  three- wire  system  the 
three  wires,  must  be  protected  by  the  cut-out  and  disconnected  by  the  oper- 
ation of  the  switch  or  circuit  breaker. 

b.  Must  not  be  placed  in  the  immediate  vicinity  of  easily  ig^nitable  stuff  or 
where  exposed  to  inflammable  gases  or  dust  or  to  flyings  of  combustible 
material. 

c.  Must,  when  exposed  to  dampness,  either  be  inclosed  in  a  waterproof 
box  or  mounted  on  porcelain  knobs. 


CONSTANT-CURRENT  SYSTEMS. 

Principally  Series  Arc  Lighting, 

18.  Wlres- 

{See  also  Nos.  14^  /j  and  16,) 

a.  Must  have  an  approved  rubber  insulating  covering.    (See  No.  40  a  ) 

b.  Must  be  arranged  to  enter  and  leave  the  building  through  an  approved 
double-contact  service  switch  (see  No.  43),  mounted  in  a  non-combustible 
case,  kept  free  from  moisture,  and  easy  of  access  to  police  or  firemen.  So- 
called  "snap  switches"  must  not  be  used  on  high-potential  circuits. 
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c.  Must  always  be  in  plain  sig^ht,  and  never  incased,  except  when  required 
by  the  Inspection  Department  having  jurisdiction. 

d.  Must  be  supported  on  glass  or  porcelain  insulators,  which  separate  the 
wire  at  least  one  inch  from  the  surface  wired  over,  and  must  be  kept  rigidly 
at  least  ei^ht  inches  from  each  other,  except  within  the  structure  of  lamps, 
on  hanger-boards,  in  cut-out  boxes,  or  like  places,  where  a  less  distance  is 
necessary. 

e.  Must  on  side  walls,  be  protected  from  mechanical  injury  by  a  substan- 
tial ^boxing,  retaining  an  air  space  of  one  inch  around  the  conductors, 
closed  at  the  top  (the  wires  passmg  through  bushed  holes),  and  extending 
not  less  than  seven  feet  from  the  floor.  When  crossing  floor  timbers  in 
cellars  or  in  rooms,  where  they  might  be  exposed  to  injury,  wires  must  be 
attached  by  their  insulating  supports  to  the  under  side  of  a  wooden  strip 
not  less  than  one-half  an  inch  in  thickness. 

1  9.  Arc  Lamps.— 

{^For  construction  rules ^  see  No,  ^g.) 

a.  Must  be  carefully  isolated  from  inflammable  material. 

6,  Must  be  provided  at  all  times  with  a  glass  globe  surrounding  the  arc, 
securely  fastened  upon  a  closed  base.  No  broken  or  cracked  globes  to  be 
used. 

c.  Must  be  provided  with  a  wire  netting  (having  a  mesh  not  exceeding 
one  and  one-quarter  inches)  around  the  globe,  and  an  apf  roved  spark  ar- 
rester (see  No.  50),  when  readily  inflammable  material  is  m  the  vicinity  of 
the  lamps,  to  prevent  escape  of 'sparks,  melted  copper  or  carbon.  It  is 
recommended  that  plain  carbons,  not  copper-plated,  be  used  for  lamps  in 
such  places. 

Arc  lamps,  when  used  in  places  where  they  are  exposed  to  flyings  of  easily  inflam- 
mable material,  should  have  the  carbons  inclosed  completely  in  a  globe  in  such  manner 
as  to  avoid  the  necessity  for  spark  arresters. 

For  the  present,  globes  and  spark  arresters  will  not  be  required  on  so-called  -'  in- 
verted arc''  lamps,  but  this  type  of  lamp  must  not  be  used  where  exposed  to  flyings  of 
easily  inflammable  materials. 

d.  Where  hanger  boards  (see  No.  48)  are  not  used,  lamps  must  be  hung 
from  insulating  supports  other  than  their  conductors. 

20.  Inoandesoent  Lamps  in  Series  Circuits.— 

a.  Must  have  the  conductors  installed  as  provided  in  Rule  No.  18,  and 
each  lamp  must  be  provided  with  an  automatic  cut-out. 

b.  Must  have  each  lamp  suspended  from  a  hanger-board  by  means  of  a 
rigid  tube. 

c.  No  electro-magnetic  device  for  switches  and  no  system  of  multiple- 
series  or  series-multiple  lighting  will  be  approved. 

d.  Under  no  circumstances  can  they  be  attached  to  gas  fixtures. 

CONSTANT-POTENTIAL  SYSTEMS. 

General  Rules — All  Voltages. 

2  \ .   Automatic  Cut-Outs  {Fuses  and  Circuit  Breakers.) 

(See  A'o.  //.  and  for  construction,  Nos.  44  and  4^.) 

a.  Must  be  placed  on  all  service  wires,  either  overhead  or  underground, 
as  near  as  possible  to  the  point  where  they  enter  the  building  and  inside 
the  walls,  and  arranged  to  cut  off  the  entire  current  from  the  building. 

Where  the  switch  required  by  Rule  No.  aa  is  inside  the  building,  the  cut-out  required 
by  this  section  must  be  placed  so  as  to  protect  it. 

h.  Must  be  placed  at  every  point  where  a  change  is  made  in  the  size  of 
wire  [unless  the  cut-out  in  the  larger  wire  will  protect  the  smaller.  (See 
No.  i6)J. 

c.  Must  be  in  plain  sight,  or  inclosed  in  an  approved  box  (see  No  46),  and 
readily  accessible.  They  must  not  be  placed  in  the  canopies  or  shells  of 
fixtures. 
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d.  Must  be  so  placed  that  no  set  of  incandesceDt  lamps,  whether  grouped 
on  one  fixture  or  several  fixtures  or  pendants,  requiring  a  current  of  more 
than  six  amperes  shall  be  dependent  upon  one  cut-out.  Special  permission 
may  be  given  in  writing  by  the  Inspection  Department  having  junsdiction 
for  departure  from  this  rule  m  case  of  large  chandeliers. 

/.  Must  be  provided  with  fuses  the  rated  capacity  of  which  does  not  ex- 
ceed the  allowable  carrymg  capacity  of  the  wire,  and,  when  circuit  breakers 
are  used,  they  must  not  be  set  more  than  about  thirty  per  cent  above  the 
allowable  carrying  capacity  of  the  wire,  unless  a  fusible  cut-out  is  also  in- 
stalled in  the  circuit  (see  No.  i6). 

22.  Switches.— 

(See  No,  77,  and  for  construttion^  No.  4^  ) 

a.  Must  be  placed  on  all  service  wires,  either  overhead  or  underground, 
in  a  readily  accessible  place,  as  near  as  possible  to  the  point  where  the 
wires  enter  the  building,  and  arranged  to  cut  off  the  entire  current. 

3.  Must  always  be  placed  in  dry,  accessible  places,  and  be  grouped  as  far 
as  possible.  Knife  switches  must  be  so  placed  that  gravity  will  tend  to 
open  rather  than  to  close  the  switch. 

c.  Must  not  be  single-pole,  except  when  the  circuits  which  they  control 
supply  not  more  than  six  16  candle-power  lamps  or  their  equivalent. 

d.  Where  gangs  of  flush  switches  are  used,  whether  with  conduit  systems 
or  not,  the  switches  must  be  inclosed  in  boxes  constructed  of  or  lined  with 
fire  resisting  material.  Where  two  or  more  switches  are  placed  under  one 
plate,  the  box  must  have  a  separate  compartment  for  each  switch.  No 
push  buttons  for  bells,  gas  lighting  circuits  or  the  like  shall  be  placed  in 
the  same  wall  plate  with  switches  controlling  electric  light  or  power  wiring. 

23.  Electric  Heaters.— 

a.  Must,  if  stationary,  be  placed  in  a  safe  situation,  isolated  from  inflam- 
mable materials  and  be  treated  as  sources  of  heat. 

b.  Must  each  have  a  cut-out  and  indicating  switch  (see  No.  17  a). 

c.  Must  have  the  attachments  of  feed  wirei  to  the  heaters  in  plain  sight, 
ea.sily  accessible  and  protected  from  interference,  accidental  or  otherwise. 

d.  The  flexible  conductors  for  portable  apparatus,  such  as  irons,  etc., 
must  have  an  a/>/>r^t/^</ insulating  covering  (see  No.  40  r,  3). 

e.  Must  each  be  provided  with  name  plate,  giving  the  maker's  name  and 
the  normal  capacity  in  volts  and  amperes. 

LOW-POTENTIAL  SYSTEMS. 
300  Volts  or  Less. 

A  ny  circuit  attached  to  any  machine,  or  combination  0/  machines^  which  develops  a 
difference  of  potential,  between  any  two  wires,  of  over  ten  volts  and  less  than 
joo  volts,  shall  be  considered  as  a  low-potential  circuit,  and  as  coming  under 
the  class,  unless  an  approved  trans formint^  device  is  used,  which  cuts  the 
difference  of  potential  down  to  ten  volts  or  less.  The  primary  circuit  not  to 
exceed  a  potential  of  j, 000  volts. 

24.  Wlres- 

General  Rules. 

(See  also  Nos.  14,  ij  and  j6.) 

a.  Must  not  .be  laid  in  plaster,  cement  or  similar  finish. 

b.  Must  never  be  fastened  with  staples. 

c.  Must  not  be  fished  for  any  great  distance,  and  only  in  places  where 
the  inspector  can  satisfy  himself  that  the  rules  have  been  complied  with. 

d.  Twin  wires  must  never  be  used,  except  in  conduits,  or  where  flexible 
conductors  are  necessary. 
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e.  Must  be  protected  on  side  walls  from  mechanical  injury.  When  cross- 
ing floor  timbers  in  cellars  or  in  rooms,  where  they  might  be  exposed  to 
injury,  wires  must  be  attached  by  their  insulating  supports  to  the  under 
side  of  a  wooden  strip,  not  less  than  one-half  inch  in  thickness,  and  not  less 
than  three  inches  in  width. 

Suitable  protection  on  side  walls  may  be  secured  by  a  substantial  boxinsr,  retaining^ 
an  air  space  of  one  inch  around  the  conductor,  closed  at  the  top  (the  wires  passing 
through  bushed  holesi,  and  extending  not  less  than  five  feet  from  tne  floor ;  or  by  an 
iron-armored  or  metal-sheathed  insulating  conduit  sufficiently  strong^  to  withstand  the 
strain  it  will  be  subjected  to ;  or  plain  metal  pipe,  lined  with  insulating  tubing,  which 
must  extend  one-half  inch  beyond  the  end  of  the  metal  tube. 

The  pipe  must  extend  not  less  than  five  feet  above  the  floor,  and  may  extend  through 
the  floor  in  place  of  a. floor  bushing. 

If  iron  pipes  4re  used  with  alternating  currents,  the  two  or  more  wires  of  a  circuit 
must  be  piacied  in  the  same  conduit  In  this  case  the  insulatioA  of  each'  wirQ  must  be 
re-ini^orced  by  a  toygh  conduit  tubing  projecting  beyond*  the  ends  of  the  iron  pipe  at 
least  two  inches. 

/.  When  run  immediately  under  roofs,  or  in  proximity  to  water  tanks  or 
pipes,  will  be  considered  as  exposed  to  moisture. 

Special  Rules. 

For  Open  Work  {In  dry  places): 

g.  Must  have  an  approved  rubber  or  weatherproof  insulation.  (See  No. 
40  a  and  b,) 

h.  Must  be  rigidly  supported  on  non-combustible,  non-absorptive  insu. 
la  tors,  which  separate  the  wire  at  least  one- half  inch  from  the  surface  wired 
over»  and  they  must  be  kept  apart  at  least  two  and  one  half  inches. 

Rigid  supporting  requires  under  ordinary  conditions,  where  wiring  along  flat  surf- 
aces, supports  at  least  every  four  and  one-half  feet  If  the  wires  are  liable  to  be 
disturbea,  the  distance  between  supports  should  be  shortened.  In  buildings  of  mill 
construction,  mains  of  No.  8  B.  ft  S.  wire  or  over,  where  not  liable  to  be  disturbed,  mav 
be  separated  about  four  inches,  and  run  from  timber  to  timber,  not  breaking  around, 
and  may  be  supported  at  each  timber  only. 

This  rule  will  not  be  interpreted  to  forbid  the  placing  of  neutral  of  a  three- wire 
system  in  the  centre  of  a  three-wire  cleat,  provided  the  outside  wires  are  separated 
two  and  one-half  inches. 

In  damp  p 'aces,  such  as  Breweries.  Packing  Houses^  Stables,  Dye  Houses,  Paper  or 
Pulp  Mills,  or  buildings  sperinlly  liable  to  moisture  or  acid  or  other  fumes 
liable  to  injure  the  wires  or  their  insulation^  except  where  used  for  pendants  ." 

I.  Must  have  an  apptovedruhheT  insulating  covering  (see  No.  40  a). 

j  Must  be  rigidly  supported  on  non- combustible,  non-absorptive  insu- 
lators which  separate  the  wire  at  least  one  inch  from  the  surface  wired 
over,  and  they  must  be  kept  apart  at  least  two  and  one-half  inches. 

Rigid  supporting  requires  under  ordinary  conditions,  where  wiring  over  flat  sur- 
faces, supports  at  least  every  four  and  one-half  feet.  If  the  wires  are  liable  to  be 
disturbed,  the  distance  between  supports  shoutd  be  shortened.  In  buildings  of  mill 
construction,  mains  of  No.  8  B.  ft  s.  wire  or  over,  where  not  liable  to  be  disturbed,  mav 
be  sei>arated  about  four  inches  and  run  from  timber  to  timber,  not  breaking  aroundv 
and  may  be  supported  at  each  timber  only. 

k.  Must  have  no  joints  or  .splices. 

For  MoidinfiT  Work: 

/.  Must  have  approved  ryj^ih^x  insulating  covering  (see  No.  40  a). 
m.  Must  never  be  placed  in  moulding  in  concealed  or  damp  places. 

For  Conduit  Work: 

n.  Must  have  an  approved  rubber  insulating  covering  (see  No.  40  e). 

The  use  of  concentric  wire  (see  No.  40  e)  is  recommended  in  preference  to  twin  con- 
ductors. 

0  Must  not  be  drawn  in  until  all  mechanical  work  on  the  building  has 
been,  as  far  as  possible,  completed. 

/.  Must  not  have  wires  of  different  circuits  drawn  in  the  same  conduit. 

q.  Must,  for  alternating  systems,  have  the  two  or  more  wires  of  a  circuit 
drawn  in  the  same  conduit. 

It  is  advised  that  this  be  done  for  direct-current  system  also,  so  that  they  may  be 
changed  to  alternating  systems  at  any  time,  induction  troubles  preventing  such  a. 
change  unless  this  construction  is  followed. 
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For  8o-oaIled  Concealed  Work: 

r.  Must  have  an  approved  rubber  insulatiug  covering  (see  No.  40  a), 

s.  Must  be  rigidly  supported  on  non-combustible»  non-absorptive  insula- 
tors which  separate  the  wire  at  least  one  inch  from  the  surface  wired  over, 
and  must  be  kept  at  least  ten  inches  apart,  and,  when  possible,  should  be 
run  singly  on  separate  timbers  or  studding. 


Rigid  supporting  requires  under  ordinary  conditions,  where  wiring  along  flat  sur- 
faces,  supports  at  least  every  four  and  one-half  feet.  If  the  wires  are  liable  to  be 
disturbed,  the  distance  between  supports  should  be  shortened. 


/.  When  from  the  nature  of  the  case  it  is  impossible  to  place  concealed 
wiring  on  non-combustible  insulating  supports  of  glass  or  porcelain,  the 
wires  If  not  exposed  to  moisture,  may  be  fished  on  the  loop  system  if  in- 
cased throughout  in  approved  continuous  flexible  tubing  or  conduit.  (See 
page  45.) 

For  Fixture  Work: 

u.  Must  have  an  approved  rubber  insulating  covering  (see  No.  40  d\  and 
shall  not  be  less  in  size  than  No.  18,  b  &  s. 

V,  Supply  conductors,  and  especially  the  splices  to  fixture  wires,  must  be 
kept  clear  of  the  grounded  part  of  gas  pipes,  and,  where  shells  are  used, 
the  latter  must  be  constructed  in  a  manner  affording  sufficient  area  to  allow 
this  requirement. 

w.  Must,  when  fixtures  are  wired  outside,  be  so  secured  as  not  to  be  cut 
or  abraded  by  the  pressure  of  the  fastenings  or  motion  of  the  fixture. 

25.  Interior  Conduits  — 

[^See  also  Nos,  24  n  to  g,  and  41.) 

The  object  of  a  tube  or  conduit  is  to  facilitate  the  insertion  or  extraction  of  the  con- 
ductors to  protect  them  from  mechanical  injury  and  as  far  as  possible,  from  moisture. 
Tubes  or  conduits  are  to  be  considered  merely  as  raceways,  and  are  not  to  be  relied 
upon  for  insulation  between  wire  and  wire,  or  between  the  wire  and  the  ground. 

a.  Must  be  continuous  from  one  junction  box  to  another  or  to  fixtures, 
and  the  conduit  tube  must  properly  enter  all  fittings. 

b.  Must  be  first  installed  as  a  complete  conduit  system,  without  the  con- 
ductors. 

c.  Conduits  must  extend  at  least  one-half  inch  beyond  the  finished  surface 
of  walls  or  ceilings,  except  that,  if  the  end  is  threaded  and  a  coupling 
screwed  on,  the  conduit  mav  beleft  fiush  with  the  surface,  and  the  coupling 
may  be  removed  when  work  on  building  is  completed. 

d.  Must,  after  conductors  are  introduced,  have  all  outlets  plugged  with 
special  wood  or  fibrous  plugs,  made  in  parts,  and  the  outlet  then  sealed 
with  approved  compound.    Joints  must  be  made  airtight  and  moisture  proof. 

e.  Must  have  the  metal  of  the  conduit  permanently  and  effectually 
grounded. 

26.  Fixtures.— 

{See  also  No.  24  u  lo  tr^) 

a.  Must,  when  supported  from  the  gas  piping  of  a  building,  be  insulated 
from  the  gas  pipe  system  by  means  of  approved  insulating  joints  (see  No.  51) 
placed  as  close  as  possible  to  the  ceiling. 

It  is  recommended  that  the  gas  outlet  pipe  be  protected  above  the  insulating  joint 
by  a  non-combustible,  non-absorptive  insulating  tube,  having  a  flange  at  the  lower 
end  where  it  comes  in  contact  with  the  insulating  joint  j  and  uiat,  where  outlet  tubes 
are  used,  they  be  of  sufficient  length  to  extend  below  the  insulating  joint,  and  that  they 
be  so  secured  that  they  will  not  be  pushed  back  when  the  canopy  is  put  in  place. 
Where  iron  ceilings  are  used,  care  must  be  taken  to  see  that  the  canopy  is  thoroughly 
and  permanently  insulated  from  the  ceiling. 

b.  Must  have  all  burs,  or  fins,  removed  before  the  conductors  are  drawn 
into  the  fixture. 

c.  The  tendency  to  condensation  within  the  pipes  should  be  guarded 
against  by  sealing  the  upper  end  of  the  fixture. 
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d.  No  combination  fixture  in  which  the  conductors  are  concealed  in  a 
space  less  than  one-fourth  inch  between  the  inside  pipe  and  the  outside  cas- 
ing will  be  approved. 

e.  Must  be  tested  for  *' contacts  "  between  conductors  and  fixtures,  for 
'*  short  circuits  "  and  for  ground  connections  before  it  is  connected  to  its 
supply  conductors. 

/.  Ceiling  blocks  of  fixtures  should  be  made  of  insulating  material ;  if 
not,  the  wires  in  passing  through  the  plate  must  be  surrounded  with  non- 
combustible,  non-absorptive,  insulating  material,  such  as  glass  or  porcelain. 

27.  Sockets.— 

{For  construction  rules  see  No.  ^y.) 

a.  In  rooms  where  inflammable  gases  may  exist,  the  incandescent  lamp 
and  socket  must  be  inclosed  in  a  vapor- tight  globe,  and  supported  on  a 
pipe-hanger,  wired  with  approved  rubber- covered  wire  (see  No.  40  a)  soldered 
directly  to  the  circuit. 

d.  In  damp  or  wet  places,  or  over  specially  inflammable  stuflf,  waterproof 
sockets  must  be  used. 

When  waterproof  Aockets  are  used,  they  should  be  hun^  by  8ei>arate  stranded 
rubber-covered  wires,  not  smaller  than  No.  14  B.  ft  s.,  which  should  preferably  be 
twisted  together  when  the  drop  is  over  three  feet.  These  wires  should  be  soldered 
direct  to  the  circuit  wires,  but  supported  independently  of  them. 

28.  Flexible  Cord  — 

a.  Must  have  an  a/>prove(finsu\at\on  and  covering.     (See  No.  40  c.) 

d.  Must  not  be  used  as  a  support  for  clusters. 

c.  Must  not  be  used  except  for  pendants,  wiring  of  fixtures  and  portable 
lamps  or  motors. 

</.  Must  not  be  used  in  show  windows. 

e.  Must  be  protected  by  insulating  bushings  where  the  cord  enters  the 
socket. 

/.  Must  be  so  suspended  that  the  entire  weight  of  the  socket  and  lamp 
will  be  borne  by  knots  under  the  bushing  in  the  socket,  and  above  the  point 
where  the  cord  comes  ihrougfh  the  ceiling  block  or  rosette,  in  order  that  the 
strain  may  be  taken  from  the  joints  and  binding  screws. 

29.  Arc  Liffhts  on  Low-Potential  Ciroults.— 

a.  Must  have  a  cut-out  (see  No.  17  a)  for  each  lamp  or  each  series  of  lamps. 

The  branch  conductors  should  have  a  carrying  capacity  about  fifty  per  cent,  in 
excess  of  the  normal  current  required  by  the  lamp  to  provide  for  heavy  current  re- 
quired when  lamp  is  started  or  when  carbons  become  stuck  without  over-fusing  the 
wires. 

d.  Must  only  be  furnished  with  such  resistances  or  regulators  as  are  in- 
closed in  non-combustible  material,  such  resistances  being  treated  as  sources 
of  heat.     Incandescent  lamps  must  not  be  used  for  resistance  devices. 

c.  Must  be  supplied  with  globes  and  protected  by  spark  arresters  and 
wire  netting  around  globe,  as  in  the  case  of  arc  lights  on  high-potential 
circuits.    (See  Nos.  19  and  50.) 

30.  Economy  Colls  — 

a  Economy  and  compensator  coils  for  arc  lamps  must  be  mounted  on 
non-combustible,  non- absorptive  insulating  supports,  such  as  glass  or  por- 
celain, allowing  an  air  space  of  at  least  one  inch  between  frame  and  support 
and  in  general  to  be  treated  like  sources  of  heat. 

31.  Deoorative  Series  Lamps.— 

a    Incandescent  lamps  run  in  series  shall  not  be  used  for  decorative  pur- 

foses  inside  of  buildings,  except  by  special  permission  in  writing  from  the 
nspection  Department  having  jurisdiction. 
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HIGH-POTfiNTIAL    SYSTEMS. 

300  TO  3,000  Volts. 

Any  circuit  attached  to  any  machine  or  combination  of  machines^  which  develops 
a  difference  of  potential^  between  any  two  tvires^  of  over  joo  i*olts  and  lesT 
than  j^ooo  volts ^  shall  be  considen  d  as  a  hi.  h  potential  circuit,  and  as  coming 
under  that  class,  unless  an  approved  transforming'  device  is  used^  which  cuts 
the  difference  of  potential  down  to  joo  volts  or  less, 

32.  Wires.— 

{See  also  Nos,  14,  ij  and  /6.) 

a.  Must  have  an  approved  rubber  insulating  covering.    (See  No.  40  a.) 

b.  Must  be  always  in  plain  sight  and  never  incased,  except  where  re- 
quired by  the  Inspection  Department  having  jurisdiction. 

r.  Must  be  rigidly  supported  on  glass  or  porcelain  insulators,  which  raise 
the  wire  at  least  one  inch  from  the  surface  wired  over,  and  must  be  kept 
apart  at  least  four  inches  for  voltages  up  to  750  and  at  least  eight  inches 
for  voltages  over  750 

Rigid  supporting:  requires  under  ordinary  conditions,  where  wiring  along  flat  sur- 
faces, supports  at  least  about  every  four  and  one-half  feet. 

If  the  wires  are  unusually  liable  to  be  disturbed,  the  distance  between  supports 
should  be  shortened. 

In  buildings  of  mill  construction,  mains  of  No.  8  B.  ft  s.  wire  or  over,  where  not  liable 
to  be  disturbed,  may  be  sei>arated  about  six  inches  for  voltages  up  to  750  and  about  ten 
inches  for  voltages  above  7 so ;  and  run  from  timber  to  timber,  not  oreaking  around, 
and  may  be  supported  at  each  timber  only. 

d.  Must  be  protected  on  side  walls  from  mechanical  injury  by  a  sub- 
stantial boxing,  retaining  an  air  space  of  one  inch  around  the  conductors, 
closed  at  the  top  (the  wires  passing  through  the  bushed  holes)  and  extend- 
ing not  less  than  seven  feet  from  the  floor.  When  crossing  floor  timbers, 
in  cellars  or  in  rooms,  where  they  might  be  exposed  to  injury,  wires  must 
be  attached  by  their  insulating^  supports  to  the  under  side  of  a  wooden  strip 
not  less  than  one-half  an  inch  m  thickness. 

33.  Transformers  {When  permitted  inside  buildings^  see  No.  13),— 

(For  construction  rules ^  see  No,  J4.) 

a.  Must  be  located  at  a  point  as  near  as  possible  to  that  at  which  the 
primary  wires  enter  the  building. 

b.  Must  be  placed  in  an  inclosure  constructed  of  or  lined  with  fire-resisting 
material ;  the  inclosure  to  be  used  only  for  this  purpose,  and  to  be  kept 
securely  locked  and  access  to  the  same  allowed  only  to  responsible  persons. 

c.  Must  be  effectually  insulated  from  the  ground  and  the  inclosure  in 
which  they  are  placed  must  be  practically  air  tif^ht.  except  that  it  shall  be 
thoroughly  ventilated  to  the  outdoor  air,  if  possible,  through  a  chimney  or 
flue.  There  should  be  at  least  six  inches  air  space  on  all  sides  of  the  trans- 
former. 

34.  Car  Wlrlnar-- 

a.  Must  be  always  run  out  of  reach  of  the  passengers,  and  must  have  an 
approved  rubber  insulating  covering.    (See  No.  40  a.) 

35.  Car  Houses.— 

a.  Must  have  the  trolley  wires  securely  supported  on  insulating  hangers. 

b.  Must  have  the  trolley  hangers  placed  at  such  a  distance  apart  that, 
in  case  of  a  break  in  the  trolley  wire,  contact  can  not  be  made  with  the  floor. 

c.  Must  have  cut-out  switch  located  at  a  proper  place  outside  of  the 
building,  so  that  all  trolley  circuits  in  the  building  can  be  cut  out  at  one 
point,  and  line  circuit  breakers  must  be  installed,  so  that  when  this  cut-out 
switch  is  open  the  trolley  wire  will  be  dead  at  all  points  within  100  feet  of 
the  building.  The  current  must  be  cut  out  of  the  building  wherever  the 
same  is  not  in  use  or  the  road  not  in  operation. 

d.  Must  have  all  lamps  and  stationary  motors  installed  in  such  a  way 
that  one  main  switch  can  control  the  whole  of  each  installation— lighting  or 


IJ02  NATIONAL  ELBCTRIOAL  CaDB. 

f)ower— independently  of  main  feeder-switch.  No  portable  incandescent 
amps  or  twin  wire  allowed,  except  that  portable  incandescent  lamps  may 
be  used  in  the  pits,  connections  to  be  made  by  two  approved  rubber-covered 
flexible  wires  (see  No.  40  a),  properly  protected  against  mechanical  injury  ; 
the  circuit  to  be  controlled  by  a  switch  placed  outside  of  the  pit. 

e.  Must  have  all  wiring  and  apparatus  installed  in  accordance  with  rules 
under  Class  **C"  for  constant  potential  systems. 

/.  Must  not  have  any  system  of  feeder  distribution  centering  in  the 
building. 

g.  Must  have  the  rails  bonded  at  each  joint  with  not  less  than  No.  2 
B.  ft  s.  annealed  copper  wire  ;  also  a  supplementary  wire  to  be  run  for  each 
track. 

h  Must  not  have  cars  left  with  trolley  in  electrical  connection  with  the 
trolley  wire. 

36.  Llffhtlnff  and  Power  from  Railway  Wires.— 

a.  Must  not  be  permitted,  under  any  pretense,  in  the  same  circuit  with 
trolley  wires  with  a  ground  return,  except  in  electric  railway  cars,  electric 
car  houses,  and  their  power  stations,  nor  shall  the  same  dynamo  be  used 
for  both  purposes. 

37.  Series  Lamps.— 

a.  No  system  of  multiple  series  or  series-multiple  for  light  or  power  will 
be  approved. 

b.  Under  no  circumstances  can  lamps  be  attached  to  gas  fixtures. 

EXTRA    HIGH-POTENTIAL    SYSTEMS. 
Over  3,000  Volts. 

Any  circuit  attached  to  any  machine  or  combination  of  machines^  which  develops  a 
difference  of  potential,  between  any  two  wires ^  of  over  j,  000  voits.  shall  be 
considered  as  an  extra  high  potential  circuity  and  as  coming  under  that  class ^ 
unless  an  approved  transforming  device  is  used,  which  cuts  the  difference  of 
potential  down  to  j, 000  volts  or  less. 

38.  Primary  Wires.— 

Must  not  be  brought  into  or  over  buildings,  except  power  and  sub-stations. 

39.  Secondary  Wires.- 

a.  Must  be  installed  under  rules  for  high-potential  systems,  when  their 
immediate  primary  wires  carry  a  current  at  a  potential  of  over  3,000  volts. 

The  high  line  insulation  required  for  extra  high-potential  current  tends  to  make  the 
insulation  resistance  between  primary  and  secondary  coils  of  transformers  a  compara- 
tively weak  point,  and  lightning  discharges  would  be  apt  to  take  this  path  to  the  earth. 
With  the  present  means  of  protection  against  transformer  break  downs  and  the  conse- 
quent liability  of  secondary  wiring  bemjj  subjected  to  the  strain  of  the  primary  cur- 
rent, it  is  not  deemed  advisable  to  permit  a  primary  current  with  a  potential  ot  over 
3jOOo  volts  without  an  intermediate  step-down  transformer.  The  presence  of  wires 
carrying  a  current  at  a  potential  of  over  3,000  volts  in  the  streets  of  cities  and  towns  is 
also  considered  as  increasing  the  fire  hazard. 


Class  D. 

FITTINGS,    MATERIALS    AND    DETAILS    OF 

CONSTRUCTION. 

All  Systems  and  Voltages. 


40.  Wire  Insulation.- 

a.  Rubber  Covered, — The  insulating  coverings  must  be  solid,  at  least  three 
sixty-fourths  of  an  inch  in  thickness  and  covered  with  a  substantial  braid. 
It  must  not  readily  carry  fire,  must  show  an  insulating  resistance  of  one 
megohm  per  mile  after  two  weeks'  submersion  in  water  at  seventy  degrees 
Fahrenheit  and  three  days'  submersion  in  lime  water,  and  after  three  min- 
utes' eJectrification  with  550  volts.    (See  page  44.) 
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b.  Weatherproof, — The  insulating  covering  must  not  support  combustion, 
must  resist  abrasion,  must  be  at  least  one-sixteenth  of  an  inch  in  thickness, 
and  thoroughly  impregnated  with  a  moisture  repellent 

c.  Flexible  Cord. — Must  be  made  of  two  stranded  conductors,  each  having 
a  carrying  capacity  equivalent  to  not  less  than  a  No.  i6  b.  &  s.  wire,  and 
•each  covered  by  an  approved  insulation,  and  protected  by  a  slow-burning, 
tough-braided  outer  covering. 

1.  Insulation  lot  pendants  under  this  rule  must  be  moisture  and  flame 
proof. 

2.  Insulation  for  cords  used  for  all  other  purposes^  including  portable 
lamps  and  motors,  must  be  solid,  at  least  one  thirtv-second  of  an  inch 
in  thickness,  and  must  show  an  insulation  resistance  between  conductors 
and  between  either  conductor  and  the  ground,  at  least  one  megohm 
per  mile  after  one  week's  submersion  in  water  at  seventy  degrees  Fah- 
renheit, and  after  three  minutes'  electrification,  with  550  volts. 

3.  The  flexible  conductors  for  portable  heating  apparatus,  such  as  irons, 
etc.,  must  have  an  insulation  that  will  not  be  injured  by  the  heat,  such 
as  asbestos,  which  must  be  protected  from  mechanical  injury  by  an 
outer,  substantial,  braided  covering,  and  so  arranged  that  mechanical 
strain  will  not  be  borne  by  the  electrical  connection. 

d.  Fixture  fVire. — Must  have  a  solid  insulation,  with  a  slow-burning, 
tough  outer  covering,  the  whole  to  be  at  least  one  thirty-second  of  an  inch 
in  thickness,  and  show  an  insulation  resistance  between  conductors,  and 
between  either  conductor  and  the  ground,  of  at  least  one  megohm  per  mile, 
after  one  week's  submersion  in  water  at  seventy  degrees  Fahrenneit,  and 
after  three  minutes'  electrification,  with  550  volts. 

e.  Conduit  IVire. — Must  comply  with  the  following  specifications  : 

T.  For  insulated  metal  conduits  single  wires  and  twin  conductors  must 
comply  with  Section  a,  of  this  rule. 

Concentric  wire  must  have  a  braided  covering  between  the  outer  con- 
ductor and  the  insulation  of  the  inner  conductor,  and,  in  addition,  must 
comply  with  Section  a,  of  this  rule. 

2.  For  non-insulated  metal  conduits  single  wires  and  twin  conductors 
must  comply  with  Section  a,  of  this  rule  ;  and,  in  addition,  have  a 
second  outer  fibrous  covering,  at  least  one  thirty -second  of  an  Inch  in 
thickness,  and  sufficiently  tenacious  to  withstand  the  abrasion  of  being 
hauled  through  the  metal  conduit 

Concentric  conductors  must  have  a  braided  covering  between  the 
outer  conductor  and  the  insulation  of  the  inner  conductor,  and  comply 
with  Section  a,  of  this  rule;  and,  in  addition  must  have  a  second  outer 
fibrous  covering  at  least  one  thirty-second  of  an  inch  in  thickness,  and 
sufficiently  tenacious  to  withstand  the  abrasion  of  being  hauled  through 
the  metal  conduit. 

41.  Interior  Conduits.— 

(For  wiring  rules ,  see  Nos.  24  and  2^.) 

a.  Each  length  of  conduit,  whether  insulated  or  uninsulated,  must  have 
the  maker's  name  or  initials  stamped  in  the  metal  or  attached  thereto  in  a 
satisfactory  manner,  so  that  the  inspectors  can  readily  see  the  same. 

Insulated  Metal  Conduits: 

b.  The  metal  covering,  or  pipe,  must  be  at  least  equal  in  thickness,  or  of 
equal  strength  to  resist  penetration  by  nails,  etc.,  as  the  ordinary  commer- 
cial form  of  gas  pipe  of  same  size. 

c.  Must  not  be  seriously  affected  externally  by  burning  out  a  wire  inside 
the  tube  when  the  iron  pipe  is  connected  to  one  side  of  the  circuit. 

d.  Must  have  the  insulating  lining  firmly  secured  to  the  pipe. 

e.  The  insulating  lining  must  not  crack  or  break  when  a  length  of  the 
conduit  is  uniformly  bent  at  a  temperature  of  212  degrees  Fahrenheit  to  an 
angle  of  ninety  degrees,  with  a  curve  having  a  radius  of  fifteen  inches,  for 
pipes  of  one  inch  and  less,  and  fifteen  times  the  diameter  of  pipe  for  lar^<^t 
pipes. 
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/.  The  msulating  lining  must  not  soften  injuriously  at  a  temperature 
below  212  degrees  Fahrenheit,  and  must  leave  water,  in  which  it  is  boiled, 
practically  neutral. 

g.  The  insulating  lining  must  be  at  least  one  thirty-second  of  an  inch  in 
thickness,  and  the  materials  of  which  it  is  composed  must  be  of  such  a 
nature  as  will  not  have  a  deteriorating  effect  on  the  insulation  of  thNe  con- 
ductor, and  be  sufficiently  tough  and  tenacious  to  withstand  the  abrasion 
test  of  drawing  in  and  out  of  the  same  long  lengths  of  conductors. 

h.  The  insulating  lining  must  not  be  mechanically  weak  after  three  days* 
submersion  in  water,  and,  when  removed  from  the  pipe  entire,  must  not 
absorb  more  than  ten  per  cent,  of  its  weight  of  water  during  loo  hours  of 
submersion. 

i.  All  elbows  must  be  made  for  the  purpose,  and  not  bent  from  lengths 
of  pipe.  The  radius  of  the  curve  of  the  mner  edge  of  any  elbow  not  to  be 
less  than  three  and  one-half  inches.  Must  have  not  more  than  the  equiva- 
lent of  four  quarter  bends  from  outlet  to  outlet,  the  bends  at  the  outlets  not 
being  counted. 

Uninsulated  Metal  Conduits: 

/  Plain  iron  of  steel  pipes  of  equal  thickness,  or  of  equal  strength,  to  resist 
penetration  of  nails,  etc..  as  the  ordinary  commercial  form  of  gas  pipe  of 
the  same  size,  may  be  used  as  conduits,  provided  their  interior  surfaces  are 
smooth  and  free  from  burs  ;  pipe  to  be  galvanized,  or  the  interior  surfaces 
coated  or  enameled,  to  prevent  oxidization,  with  some  substance  which  will 
not  soften  so  as  to  become  sticky  and  prevent  wire  from  being  withdrawn 
from  the  pipe. 

k.  All  elbows  must  be  made  for  the  purpose,  and  not  bent  from  lengths 
of  pipe.  The  radius  of  the  curve  of  the  inner  edge  of  any  elbow  not  to  be 
leiss  than  three  and  one-half  inches.  Must  have  not  more' than  the  equiva- 
lent of  four  quarter  bends  from  outlet  to  outlet,  the  bends  at  the  outlets  not 
being  counted. 

42.  Wooden  Mouldings.— 

(For  wiring  rules  see  No.  24,) 

a.  Must  have,  both  outside  and  inside,  at  least  two  coats  of  waterproof 
paint,  or  be  impregnated  with  a  moisture  repellent. 

b.  Must  be  made  of  two  pieces,  a  backing  and  capping  so  constructed  as 
to  thoroughly  incase  the  wire,  and  provide  a  one-halt  inch  tongue  between 
the  conductors,  and  a  solid  backing,  which,  under  grooves,  shall  not  be  less 
than  three-eighths  of  an  inch  in  thickness,  and  must  afford  suitable  protec- 
tion from  abrasion. 

It  is  recommended  that  .only  hardwood  moulding  be  used. 

43.  Switches.— 

{^See  Nos.  ij  and  22^ 

a.  Must  be  mounted  on  non-combusiible,  non- absorptive,  insulating  bases^ 
such  as  slate  or  porcelain. 

b.  Must  have  carrying  capacity  sufficient  to  prevent  undue  heating. 

c.  Must,  when  used  for  service  switches,  indicate,  on  inspection,  whether 
the  current  be  "on"  or  "off." 

d.  Must  be  plainly  marked  whether  it  will  always  be  visible,  with  the 
name  of  the  maker  and  the  current  and  voltage  for  which  the  switch  is 
designed. 

e.  Must,  for  constant  potential  systems,  operate  successfully  at  fifty  per 
cent,  overload  in  amperes,  with  twenty-five  per  cent,  excess  voltage  under 
the  most  severe  conditions  they  are  liable  to  meet  with  in  practice. 

f.  Must,  for  constant  potential  systems,  have  a  firm  and  secure  contact ; 
must  make  and  break  readily,  and  not  stop  when  motion  has  once  been 
imparted  by  the  handle. 
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g.  Must,  for  constant  current  systems,  close  the  main  circuit  and  discon- 
nect  the  branch  wires  when  turned  "off**;  must  be  so  constructed  that  they 
shall  be  automatic  in  action,  not  stopping  between  points  when  started, 
and  must  prevent  an  arc  between  the  points  under  all  circumstances.  They 
must  indicate,  upon  inspection,  whether  the  current  be  **on"  or  "off." 

44.  Cut-Outs  and  Circuit  Breakers.— 

{^For  installation  rules,  see  uVos,  jy  and  21.) 

a.  Must  be  supported  on  bases  of  non-combustible,  non- absorptive  insu- 
lating material. 

b.  Cut-outs  must  be  provided  with  covers,  when  not  arranged  in  approved 
cabinets,  so  as  to  obviate  any  danger  of  the  melted  fuse  metal  coming  in 
contact  with  any  substance  which  might  be  ignited  thereby. 

c.  Cut-outs  must  operate  successfully,  under  the  most  severe  conditions 
they  are  liable  to  meet  with  in  practice,  on  short  circuits  with  fuses  rated 
at  50  per  cent,  above  and  with  a  voltage  25  per  cent,  above  the  current  and 
voltage  for  which  they  are  designed. 

d.  Circuit-breakers  must  operate  successfully,  under  the  most  severe  con- 
ditions they  are  liable  to  meet  with  in  practice,  on  short  circuits  when  set 
at  fifty  per  cent,  above  the  current,  and  with  a  voltage  twenty-five  per  cent, 
above  that  for  which  they  are  designed. 

e.  Must  be  plainly  marked  where  it  will  always  be  visible,  with  the  name 
of  the  maker,  and  current  and  voltage  for  whicn  the  device  is  designed. 

45.  Fuses.— 

(For  installation  rules,  see  Xos,  77  and  21,) 

a.  Must  have  contact  surfaces  or  tips  of  harder  metal  having  perfect  elec- 
trical connection  with  the  fusible  part  of  the  strip. 

b.  Must  be  stamped  with  about  eighty  per  cent,  of  the  maximum  current 
they  can  carry  indefinitely,  thus  allowing  about  twenty-five  per  cent,  over- 
load before  fuse  melts. 

With  naked  open  fuses,  of  ordinary  shapes  and  not  over  500  amperes  capacity,  the 
maximum  current  which  will  melt  them  m  about  five  minutes  may  be  safely  taken  as 
the  melting  point,  as  the  fuse  practically  reaches  its  maximum  temperature  in  this 
time      Witn  larger  fuses  a  longer  time  is  necessary. 

Inclosed  fuses  where  the  fuse  is  often  in  contact  with  substances  having  good  con^ 
ductivity  to  heat,  and  often  of  considerable  volume,  require  a  much  longer  time  to 
reach  a  maximum  temperature  on  account  of  the  surrounding  material  which  heats 
up  slowly. 

This  data  is  given  to  facilitate  testing. 

c.  Fuse  terminals  must  be  stamped  with  the  maker's  name,  initials,  or 
some  known  trademark. 

46.  Cut-out  Cabinets  — 

a.  Must  be  so  constructed,  and  cut-outs  so  arranged,  as  to  obviate  any 

danger  of  the  melted  fuse  metal  coming  in  contact  with  any  substance 

which  might  be  ignited  thereby. 

A  suitable  box  can  be  made  of  marble,  slate  or  wood,  stronglv  put  together,  the  door 
to  close  against  a  rabbet  so  as  to  be  perfectly  dust  tight,  ana  it  should  be  hung  on 
strung  hinges  and  held  close  by  a  strong  hook  or  catch.  If  the  box  is  wood,  the  inside 
should  be  lined  with  sheets  of  asbestos  Doard  about  one-sixteenth  of  an  inch  in  thick- 
ness, neatly  put  on  and  tirmly  secured  in  place  by  shellac  and  tacks.  The  wires 
should  enter  tnrough  holes  bushed  with  porcelain  bushings  \  the  bushings  tightly  fitting 
the  holes  in  the  box,  and  the  wires  tightly  fitting  the  bushmgs  (using  tape  to  build  up 
the  wire,  if  necessary)  so  as  to  keep  out  tne  dust. 

47.  Sockets.— 

{See  No,  27,) 

a.  No  portion  of  the  lamp  socket,  or  lamp  base,  exposed  to  contact  with 
outside  objects,  must  be  allowed  to  come  into  electrical  contact  with  either 
conductor. 

b.  Must,  when  provided  with  keys,  comply  with  the  requirements  for 
switches.     (See  No.  43.) 
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48.  Hansrer- Boards.— 

a.  Hanger-boards  must  be  so  constructed  that  all  wires  and  current  carry- 
ing devices  thereon  shall  be  exposed  to  view  and  thoroughly  insulated  by 
being  mounted  on  a  non-combustible,  non-absorptive  insulating  substance. 
All  switches  attached  to  the  same  must  be  so  constructed  that  they  shall  be 
automatic  in  their  action,  cutting  off  both  poles  to  the  lamp,  not  stopping 
between  points  when  started  and  preventing  an  arc  between  points  under 
all  circumstances. 

49.  Arc  Lamps.— 

{For  installation  rules ^  set  No.  ig.) 

a.  Must  be  provided  with  reliable  stops  to  prevent  carbons  from  falling 
out  in  case  the  clamps  become  loose.  * 

d.  Must  be  carefully  insulated  from  the  circuit  in  all  their  exposed  parts. 

c.  Must,  for  constant  current  systems,  be  provided  with  an  approved  YiAnd 
switch,  also  an  automatic  switcn  that  will  shunt  the  current  around  the 
carbons,  should  they  fail  to  feed  properly. 

The  hand-switch  to  be  approved,  if  placed  anywhere  except  on  the  lamp 
itself,  must  comply  with  requirements  for  switches  on  hanger-boards  as  laia 
down  in  Rule  48. 

50.  Spark  Arresters  — 

(Sfg  No.  ig  c.) 

a.  Spark  arresters  must  so  close  the  upper  orifice  of  the  globe  that  it  will 
be  impossible  for  any  sparks,  thrown  off  by  the  carbons,  to  escape. 

6  I .  Insulating  Joints  — 

(.9^^  No.  26  a.) 

a.  Must  be  entirelv  made  of  material  that  will  resist  the  action  of  illumin- 
ating  gases,  and  will  not  give  way  or  soften  under  the  heat  of  an  ordinary 
gas  flame,  or  leak  under  a  moderate  pressure.  They  shall  be  so  arranged 
that  a  deposit  of  moisture  will  not  destroy  the  insulating  effect,  and  shall 
have  an  insulating  resistance  of  at  least  250,000  ohms  between  the  gas  pii>e 
attachments,  and  be  sufficiently  strong  to  resist  the  strain  they  w^ill  be 
liable  to  be  subjected  to  in  being  installed. 

b.  Insulating  joints  having  soft  rubber  in  their  construction  will  not  be 
approved. 

52.  Resistance  Boxes  and  Equalizors.— 

{For  Installation  rules,  see  No.  4.) 

a.  Must  be  equipped  with  metal,  or  with  other  non-combustible  frames. 

The  word  "frame"  in  this  section  relates  to  the  entire  case  and  surroundings  of  the 
rheostat,  and  not  alone  to  the  upholding  supports. 

63.  Reactive  Colls  and  Condensers  — 

a.  Reactive  coils  must  be  made  of  non-combustible  material,  mounted  on 
non-cumbustible  bases  and  treated,  in  general,  like  sources  of  heat. 

d.  Condensers  must  be  treated  like  apparatus  operating  with  equivalent 
voltage  and  currents  They  must  have  non-combustible  cases  and  supports, 
and  must  be  isolated  from  all  combustible  materials  and,  in  general,  treated 
like  sources  of  heat. 

54.  Transformers.— 

{Forinstalliition  ruUs^  see  Nos.  11  and  jj.) 
a.  Must  not  be  placed  in  any  but  metallic  or  other  non-combustible  cases. 

55.  LIffhtnIng  Arresters.— 

( For  installation  rules,  see  No.  j. ) 

a.  Must  be  mounted  on  non- combustible  bases,  and  must  be  so  con- 
structed as  not  to  maintain  an  arc  after  the  discharge  has  passed,  and  must 
have  no  moving  parts. 
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Class  E. 
MISCELLANEOUS. 


56-  Insulation  Resistance.— 

The  wiring  in  any  building  must  test  free  from  grounds,  t.  e  ,  the  complete 
installation  between  conductors  and  between  all  conductors  and  the  ground 
(not  including  attachments,  sockets,  receptacles,  etc.)  of  not  less  than  the 
following : 

Up  to        5  araperes , 4  ono.ooo 

2.000,U00 

boo  occ 


10 

25 
50 

xoo 

voo 

400 

8  0 

1,600 

400.    CO 
200  OOU 


SO.OOO 

25,000 

and  over 1^.5  o 

All  cut-outs  and  safety  devices  in  place  in  the  above. 
Where  lamp  sockets,  receptacles  and  electroliers,  etc.,  are  connected, 
one-half  of  the  above  will  be  required. 

57.  Protection  Against  Foreign  Currents.— 

a.  Where  telephone,  telegiaph  or  other  wires,  connected  with  outside  cir- 
cuits, are  bunched  together  within  any  building,  or  where  inside  wires  are 
laid  in  conduits  or  ducts  with  electric  light  or  power  wires,  the  covering  of 
such  wires  must  be  fire  resisting,  or  else  the  wires  must  be  inclosed  in  an 
air-tight  tube  or  duct. 

b.  All  aerial  conductors  and  underground  conductors,  which  are  directly 
connected  to  aerial  wires,  connected  with  telephone,  telegraph,  district 
messenger,  burglar  alarm,  watch-clock,  electric-time  and  other  similar  in- 
struments must  be  provided  near  the  point  of  entrance  to  the  building  with 
some  approved  protective  device  which  will  operate  to  shunt  the  instru- 
ments in  case  of  a  dangerous  rise  of  potential,  and  will  open  the  circuit 
and  arrest  any  abnormal  current  flow.  Any  conductor  normally  forming 
an  innocuous  circuit  may  become  a  source  of  fire  hazard  if  crossed  with 
another  conductor  charged  with  a  relatively  high  pressure. 

Protectors  must  have  a  non-combustible  insulating  base,  and  the  cover 
to  be  provided  with  a  lock  similar  to  the  lock  now  placed  on  telephone 
apparatus  or  some  equally  secure  fastening,  and  to  be  installed  under  the 
following  requirements : 

1.  The  protector  to  be  located  at  the  point  where  the  wires  enter  the 
building,  either  immediately  inside  or  outside  of  the  same.  If  outside, 
the  protector  to  be  enclosed  in  a  metallic,  waterproof  case. 

2.  If  the  protector  is  placed  inside  of  building,  the  wires  of  the  circuit 
from  the  support  outside  to  the  binding  posts  of  the  protector  to  be  of 
such  insulation  as  is  approved  for  service  wires  of  electric  light  and 
power  (See  No.  40  a)  and  the  holes  through  the  outer  wall  to  be  pro- 
tected by  bashing  the  same  as  required  for  electric  light  and  power 
service  wHres. 

3.  The  wire  from  the  point  of  entrance  to  the  protector  to  be  run  in 
accordance  with  rules  for  high-potential  wires,  /.  e.,  free  of  contact 
with  building  and  supported  on  non-combustible  insulators. 

4.  The  ground  wire  shall  be  insulated,  not  smaller  than  No.  i6 
B.  &  S.  gauge  copper  wire.  This  ground  wire  shall  be  kept  at  least 
three  inches  from  all  conductors,  and  shall  never  be  secured  by  un- 
insulated, double-pointed  tacks,  and  must  be  run  in  as  straight  a  line 
as  possible  to  the  ground  connection. 

f,.  The  ground  wire  shall  be  attached  to  a  water  pipe,  if  possible, 
otherwise  may  be  attached  to  a  gas  pipe.  The  ground  wire  shall  be 
carried  to,  and  attached  to,  the  pipe  outside  of  the  first  joint  or  coupling 
inside  the  foundation  walls,  and  the  connection  shall  be  made  by  solder, 
ing,  if  possible  In  the  absence  of  other  good  ground,  the  ground  shall 
be  made  by  means  of  a  metallic  plate  or  a  bunch  of  ^T«&\^>a:n&^Sxi  ^ 
permanently  moist  earth. 
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68.  Electric  Gas  Lifirhtlngr.— 

Where  electric  gas  lighting  is  to  be  used^  on  the  same  fixture  with  the 
electric  light : 

a.  No  part  of  the  gas  piping  or  fixture  shall  be  in  electric  connection  with 
the  gas  lighting  circuit. 

b.  The  wires  used  with  the  fixtures  must  have  a  non-inflammable  insula- 
tion, or  where  concealed  between  the  pipe  and  shell  of  the  fixture,  the  in- 
sulation must  be  such  as  required  for  fixture  wiring  for  the  electric  light. 

c.  The  whole  installation  must  test  free  from  **  grounds." 

d.  The  two  installations  must  test  perfectly  free  from  connection  with 
each  other. 

69.  Solderlngr  Fluld- 

a.  The  following  formula  for  soldering  fluid  is  suggested  : 

Saturatrd  folution  of  line  chloride 5  parts. 

Alcohol  4  parts. 

Glycerine i  part. 


Class  ¥. 
MARINE  WORK. 


60.  Generators.— 

a.  Must  be  located  in  a  dry  place. 

b.  Must  have  their  frames  insulated  from  their  bed-plates. 

c.  Must  each  be  provided  with  a  waterproof  cover. 

d.  Mu«5t  each  be  provided  with  a  name  plate,  giving  the  maker's  name, 
the  capacity  in  voltage  and  amperes  and  normal  speed  in  revolutions  per 
minute. 

61.  Wlres.- 

a.  Must  have  an  approved  'u\s,\\\a.i\ng  covering. 

The  insulation  for  all  conductors,  except  for  portables,  to  be  approved,  must  be  at 
least  one-eighth  inch  in  thickness  and  be  covered  with  a  substantial  waterproof  and 
flame-proof  braid.  The  physical  characteristics  shall  not  be  aflfected  b^  any  chanf^e  in 
temperature  iip  to  200  degrees  Fahrenheit.  After  two  weeks'  submersion  in  salt  water 
at  70  degrees  Fahrenheit  it  must  show  an  insulation  resistance  of  one  megohm  per 
mile  after  three  minutes'  electrification,  with  550  volts. 

b.  Must  have  no  single  wire  larger  than  No.  12  B.  &  S.  Wires  to  be 
stranded  when  greater  carrying  capacity  is  required.  No  single  solid  wire 
smaller  than  No.  14  B.  &  S.,  except  in  fixture  wiring,. to  be  u.sed. 

Stranded  wires  must  be  soldered  before  being  fastened  under  clamps  or  binding 
screws,  and  when  they  have  a  conductivity  greater  than  No.  10  B.  &  S.  copper  wire 
they  must  be  soldered  into  lugs. 

c.  Must  be  supported  in  approved  molding,  except  at  switchboards  and 
portables 

Special  permission  may  be  given  for  deviation  from  this  rule  in  dynamo  rooms. 

d.  Must  be  bushed  with  hard  rubber  tubing  one-eighth  inch  in  thickness 
when  passing  through  beams  and  non- water- tight  bulkheads. 

e.  Must  have,  when  passing  through  water-tight  bulkheads  and  through 
all  decks,  a  metallic  stuffing  tube  lined  with  hard  rubber.  In  case  of  deck 
tubes  they  shall  be  boxed  near  deck  to  prevent  mechanical  injury. 

W^.  Splices  or  taps  in  conductors  must  be  avoided  as  far  as  possible, 
here  it  is  necessary  to  make  them,  they  must  be  so  spliced  or  joined  as  to 
be  both  mechanically  and  electrically  secure  without  solder.  They  must 
then  be  soldered,  to  insure  preservation,  covered  with  an  insulating  com- 
pound equal  to  the  in.sulation  of  the  wire,  and  further  protected  by  a 
waterproof  tape.  The  joint  must  then  be  coated  or  painted  with  a  water, 
proof  compound. 
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62.  Portable  Conductors  — 

a  Must  be  made  of  two  stranded  conductors,  each  having  a  carryinfi^ 
capacity  equivalent  to  not  less  than  No.  14  B.  &  S.  wire,  and  each  covered 
with  an  approved  insulation  and  covering. 

Where  not  exposed  to  raoiHture  or  severe  mechanical  injury,  each  stranded  conductor 
must  have  a  solid  insulation  at  least  one-thirty-second  of  an  inch  in  thickness,  and 
must  show  an  insulation  resistance  between  conductors,  and  between  either  conductor 
and  the  ^ound,  of  at  least  one  mearohm  per  mile  after  one  week's  submersion  in  water 
at  seventy  degrees  Fahrenheit  and  after  three  minutes'  electrification,  with  500  volts, 
and  be  protected  by  a  slow-burning,  tough-braided  outer  covering. 

Where  exposed  lo  moisture  and  mechanical  injury — as  for  use  on  decks,  holds  and 
fire  rooms— each  stranded  conductor  shall  have  a  solid  insulation,  to  be  approved,  of 
at  least  one-thirty -second  of  an  inch  in  thickness  and  protected  by  a  tough  braid. 
The  two  conductors  shall  then  be  stranded  together,  usmg  a  jute  filling.  The  whole 
shall  then  be  covered  with  a  layer  of  flax,  either  woven  or  braided,  at  least  one-thirty- 
sccond  of  an  inch  in  thickness,  and  treated  with  a  non-inflammable,  waterproof  com- 
pound. After  one  week's  submersion  in  water  at  seventy  degrees  Fahrenheit,  with 
5 so  volts  and  a  three  minutes'  electriflcation,  must  show  an  insulation  between  the 
two  conductors,  or  between  either  conductor  and  the  ground  of  one  megohm  per  mile. 

63.  Bell  or  other  Wires.— 

a.  Shall  never  be  run  in  same  duct  with  lighting  or  power  wires. 

64.  Table  of  Capacity  of  Wires.- 


B.  &  S.  G. 

Arra  Actual 
C.  M. 

No.  of  Strands. 

Size  of  Strands 
B.  &  S.  G. 

Amperes. 

19 

1,388 

^^^ 

_ 

M^M> 

18 

1,624 

— 

— 

3 

17 

9,048 

— 

— 

— 

16 

a.583 

— 

— 

6 

«5 

3. a  57 

— 

— 

— 

»4 

4.«07 

^ 

— 

la 

12 

6,530 

— 

— 

17 

— 

9.016 

7 

'        \% 

91 

— 

11,368 

7 

as 

-^ 

M.336 

7 

»7 

30 

i                 — 

18,081 

7 

16 

35 

1                 __ 

22,709 

7 

IS 

40 

30.856 

19 

18 

50 

*^~ 

38,012 

19 

»7 

60 

— 

49.077 

»9 

16 

70 

— 

60.088 

37 

18 

85 

— 

75776 

37 

>7 

100 

— 

99,064 

61 

18 

lao 

— 

124,928 

61 

«7 

M5 

— 

J57.563 

6t 

16 

170 

— 

198,677 

61 

»5 

900 

— 

a50.?a7 

61 

14 

235 

— 

996,387 

9» 

15 

370 

— 

373,737 

9' 

X4 

330 

413*639 

137 

»5 

340 

When  greater  conducting  area  than  that  of  12  B.  &  S.  G.  is  required,  the  conductor 
shall  be  stranded  in  a  series  of  7,  19,  37,  61,  91  or  127  wires,  as  may  be  required ;  the 
strand  consisting  of  one  central  wire,  the  remainder  laid  around  it  concentrically,  each 
layer  to  be  twisted  in  the  opposite  direction  from  the  preceding. 


65.    Switchboards.— 

a.  Must  be  made  of  non-combustible,  non-absorptive,  insulating  material, 
such  as  marble  or  slate 

b.  Must  be  kept  free  from  moisture,  and  must  be  located  so  as  to  be 
OLccssible  from  all  sides. 

c.  Must  have  a  main  switch,  main  cut-out  and  ammeter  for  each  gen- 
erator. 

Must  also  have  a  voltmeter  and  ground  detector. 

d.  Must  have  a  cut-out  and  switch  for  each  side  of  each  circuit  leading 
from  board. 
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66.  Resistance  Boxes.— 

a.  Must  be  made  of  non-combustible  material. 

b.  Must  be  located  on  a  switchboard  or  away  from  combustible  material. 
When  not  placed  on  switchboard  they  must  be  mounted  on  non-inflammable, 
non-absorbtive  insulating  material. 

c.  Must  be  so  constructed  as  to  allow  sufficient  ventilation  for  the  uses  to 
which  they  are  put. 

67.  Switches.— 

a.  Must  have  non-combustible,  non-absorptive,  insulating  bases. 

b.  Must  operate  succes.sfully  at  fifty  per  cent,  overload  in  amperes  with 
twenty  five  per-cent.  excess  voltage  under  the  most  severe  conditions  they 
are  liable  to  meet  with  in  practice,  and  must  be  plainly  marked  where  it 
will  always  be  visible,  with  the  name  of  the  maker  and  the  current  and 
voltage  for  which  the  switch  is  designed. 

c.  Must  be  double- pole  when  circuits  which  they  control  supply  more 
than  six  i6-candle-power  lamps  or  their  equivalent. 

d.  When  exposed  to  dampness,  they  must  be  enclosed  in  a  water-tight 
case. 

68.  Cut-outs.— 

a.  Must  have  non- combustible,  non  absorptive,  insulating  bases. 

b.  Must  operate  successfully  under  the  most  severe  conditions  they  are 
liable  to  meet  with  in  practice,  on  short  circuit  with  fuse  rated  at  fifty  per 
cent,  above,  and  with  a  voltage  twenty-five  per  cent,  above  the  current  and 
voltage  they  are  designed  for.  and  must  be  plainly  marked  where  they  will 
always  be  visible  with  the  name  of  the  maker  and  current  and  voltage  for 
which  the  device  is  designed. 

c.  Must  be  placed  at  every  point  where  ft  change  is  made  in  the  size  of 
the  wire  (unless  the  cut-out  in  the  larger  wire  will  protect  the  smaller). 

d.  In  places  such  as  upper  decks,  holds,  cargo  spaces  and  fire  rooms,  a 
water-tight  and  fireproof  cut-out  may  be  used,  connecting  directly  to  mains 
when  such  cut-out  supplies  not  more  than  six  i6-candle  power  lamps  or 
their  equivalent. 

e.  When  placed  anywhere  except  on  switchboards  and  certain  places,  as 
cargo  spaces,  holds,  fire-rooms,  etc.,  where  it  is  impossible  to  run  from 
centre  of  distribution,  they  shall  be  in  a  cabinet  lined  with  fire-resisting 
material. 

y.  Except  for  motors,  search-lights  and  diving  lamps  shall  be  so  placed 
that  no  group  of  lamps,  requiring  a  current  of  more  than  six  amperes,  shall 
ultimately  be  dependent  upon  one  cut-out. 

A  single-pole  covered  cut-out  may  be  placed  in  the  moulding  when  same  contains 
conductors  supplying^  current  for  not  more  than  two  i6-candle-power  lamps  or  their 
equivalent. 

69.  Fixtures  — 

a.  Shall  be  mounted  on  blocks  made  from  well  seasoned  lumber  treated 
with  two  coats  of  white  lead  or  shellac. 

//.  Where  exposed  to  dampness,  the  lamp  must  be  surrounded  by  a  vapor- 
proof  globe. 

c.  Where  exposed  to  mechanical  injury,  the  lamp  must  be  surrounded  by 
a  globe  protected  by  a  stout  wire  guard. 

d  Shall  be  wired  with  same  grade  of  insulation  as  portable  conductors 
which  are  not  exposed  to  moisture  or  mechanical  injury. 

70.  Sockets.— 

a.  No  portion  of  the  lamp  socket  or  lamp  base  exposed  to  contact  with 
outside  objects  shall  be  allowed  to  come  into  electrical  contact  with  either 
of  the  conductors. 
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7  1  ■    Wooden  Mouldlnsrs.— 

a.  Must  be  made  of  well  seasoned  lumber,  and  be  treated  inside  and  out 
with  at  least  two  coats  of  white  lead  or  shellac. 

b.  Must  be  made  of  two  pieces,  a  backing  and  a  capping,  so  constructed 
as  to  thoroughly  incase  the  wire  and  provide  a  one-half-inch  tonf^e  be- 
tween the  conductors  and  a  solid  backing  which,  under  grooves,  shall  not 
be  less  than  three-eighths  inch  in  thickness. 

c.  Where  moulding  is  run  over  rivets,  beams,  etc.,  a  backing  strip  must 
first  be  put  up  and  the  moulding  secured  to  this. 

d.  Capping  must  be  secured  by  brass  screws. 

72.    Motors.— 

a.  Must  be  wired  under  the  same  precautions  as  with  a  current  of  same 
volume  and  potential  for  lighting.  The  motor  and  resistance  box  must  be 
protected  by  a  double-pole  cut-out  and  controlled  by  a  double-pole  switch, 
except  in  cases  where  one-quarter  horse-power  or  less  is  used. 

The  leads  or  branch  circuits  should  be  designed  to  carry  a  current  at  least  fifty  per 
cent,  greater  than  that  required  by  the  rated  capacity  of  the  motor  to  provide  for  the 
inevitable  overloading  of  the  motor  at  times. 

b.  Must  be  thoroughly  insulated.  Where  possible,  should  be  set  on  base 
frames  made  from  filled,  hard,  dry  wood  and  raised  above  surrounding 
deck  On  hoists  and  winches  thev  shall  be  insulated  from  bed-plates  by 
hard  rubber,  fiber  or  similar  insulating  material. 

c   Shall  be  covered  with  a  waterproof  cover  when  not  in  use. 

«/.  Must  each  be  provided  with  a  name  plate  giving  maker's  name,  the 
capacity  in  volts  and  amperes  and  the  normal  speed  in  revolutions  per 
minute. 


AMERICAN  INSTITUTE  OF  ELECTRIC z\L 

ENGINEERS. 


New  York,  September  29tli,  1897. 

Tlie  118th  meetino:  of  the  Institute  was  held  this  date,  at  12 
West  8 1st  Street,  and  was  called  to  order  by  President  Crocker 
at  8.20  p.  M 

The  Secretary: — At  the  meeting  of  the  Executive  Com- 
mittee of  the  Council,  on  September  15th,  the  folio  wing  associate 
members  were  elected: 

Xame.  Address  Eadorsed  bj. 

Black    Howard  D.        Salesman.    Blackall  &   Baldwin,  7  S  S.  Wheeler. 

West  19th  St. :    P.  0.  Box  267  F.  B.  Crocker. 

New  York,  N.  Y.  Gano  S.  Dunn. 

Blackall,  Frederick,  S.  Sellinjo:  Agent,  Crocker- Wheoler    S.  S.  Wheeler 

Electric  Co.,  P.  0.  Box  267  New    Gano  S.  Dunn. 
York  ;  residence,  Roselle,  N.  J.      K.  B.  Crocker. 

Graves,  Chas.  B.  Senior    Student,     TufU    College,    J.  R.  Loveioy. 

Mass. ;    residence,    Marblehead.     Sidney  B.  Paine. 
.Mass.  U.  D.  Haskins. 

Stout,  George  H.  Representative  of  Crocker- Wheeler  C.  S.  Bradley. 

Electric   Co.    and    Walker   Co.,  T.  J.  Smith. 

Box  78  Atlantic  Highlands,  N.J.  S.  S.  Wheeler. 
Total  4. 

The  President: — Gentlemen,  as  I  appear  here  rather  as  an 
advocate  than  as  a  judge,  it  is  proper  that  I  should  not  preside  at 
this  meeting.  It  may  be  necessary  for  me  to  take  part  in  the  de- 
hate.  My  connection  with  this  National  Conference  on  Standard 
Electrical  Jlules  ante-dated  by  more  than  a  year  my  election  to 
the  presidency,  and  it  was  not  practicable  to  sever  that  connec- 
tion— certainly  not  before  this  meeting.  Therefore  I  shall  call 
upon  Mr.  Lieb,  one  of  our  Managers,  to  kindly  take  the  chair. 

Mr.  Lieb  then  took  the  chair. 

The  Chairman: — We  will  begin  the  presentation  of  the  mat- 
ter that  is  to  come  before  the  meeting  this  evening  by  the  reading 
<  f  T)r.  Crocker's  report. 
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The  Secretary  read  the  following : 

American  Institute  of  Electrical  Engineers. 

report  on  the 
"NATIONAL  ELECTRICAL  CODE." 


The  National  Conference  on  Standard  Electrical  Rules  met  in  New  York  City 
on  March  18th  and  I9th,  1896.  This  body  was  composed  of  delegates  repre- 
senting the  various  Electrical.  Insurance,  Architectural  and  allied  interests, 
and  had  for  its  object  the  adoption  of  one  Electrical  Code  to  take  the  place 
of  the  many  conflicting  Codes  then  in  existence.  Representatives  of  the  princi- 
pal electrical  companies  were  invited  to  attend  the  Conference  but  it  was  decided 
at  the  meeting  that  these  delegates  should  be  made  Associate  Members  and  that 
the  voting  membership  should  be  confined  to  the  following  Associations  : 

American  Institute  of  Architects. 

American  Institute  of  Electrical  Engineers. 

American  Society  of  Mechanical  Engineers. 

American  Street  Railway  Association. 

Factory  Mutual  Fire  Insurance  Companies. 

National  Association  of  Fire  Engineers. 

National  Board  of  Fire  Underwriters. 

National  Electric  Light  Association. 

Underwriters*  National  Electric  Association. 
As  a  result  of  the  labors  of  this  Conference,  acting  in  co-oi)eration  with  the 
Underwriters'  National  P^lectric  Association,  n  revised  set  of  rules  has  been 
formulated  to  which  the  name  "National  Electrical  Code"  has  been  given,  a 
copy  of  which  is  submitted  herewith.  This  Code  has  already  been  adopted  or 
approved  by  the  following  bodies  : 

Factory  Mutual  Fire  Insurance  Companies. 

National  Board  of  Fire  Underwriters, 

National  Electric  Light  Association. 

Underwriters*  National  Electric  Association. 

National  Association  of  Fire  Engineers. 
The  influence  already  exerted  by  the  Institute  in  this  matter  ha^s  been  most 
important;  in  fact,  it  is  no  exaggeration  to  say  that  the  Conference  would  have 
failed  to  accomplish  its  object  had  the  Institute  held  aloof  from  it.  The  re- 
presentative of  the  Institute  was  appointed  Chairman  of  the  Committee  on 
Code,  which  performed  the  actual  work  of  revising  the  Rules.  The  New  Code 
contains  many  amendments  in  regard  to  the  teclinical  re(|uirements,  and  in 
form  it  has  been  entirely  revised.  The  latter  fact  is  particularly  important,  as 
previous  codes  had  become  a  patch-work  containing  many  repetitions  and 
inter[)olations.  This  result  alone  is  a  sufficient  reward  for  the  labors  of  the 
Conference.  It  is  not  claimed  that  the  Code  is  ]>crfect,  but  it  can  be  said  that 
each  word  in  it  was  carefully  considered  by  a  number  of  men  representing  the 
most  diverse  interest^  and  points  of  view.  If  amendments  are  required  in  the 
future  they  can  easily  be  made,  the  new  arrangement  of  the  Code  l)eing  specially 
designed  to  enable  this  to  be  done  without  injury  to  its  general  form.  In  view 
of  the  very  great  advantages  to  be  obtained  by  the  general   adoption   of  one 
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uniform  Code  for  the  whole  country  ;  the  fact  that  it  has  already  been  atiopted 

by  the  most  important  bodies*  represented  in   the  Conference,  and  in  order  to 

complete  the  powerful  and  beneficial  influence  which  the  Institute  has  already 

exerted  in  this  matter,  your  delegate  earnestly  recommends  that  the  Institute 

give  its  approval  to  the  "National  Electrical  C<»de."    This  action  need  not  be 

an  adoption  of  the  Code  which  would  bo  in  any  way  binding  upon  the  individual 

membi  rs  of  the  Institute.     All  that  is  necessary  is  that  the  Institute  should 

approve  the  Code  as  representing  uniformity  and  co-operative  action.     One  of 

the  most  important  functions  that  the  Institute  can  possibly  perform  is  the 

encouragement  and  securing  of  the  very  uniformity  which  this  Code  so  well 

repres<Mit45. 

Respectfully  submitted. 

FRANCIS  B.  CROCKER, 

New  York,  Sept.  15th,  1897.  Delegate. 

The  Cuairman  : — Gentlemen,  you  have  heard  the  report  read 
by  the  Secretary  in  wliich  this  new  code  is  submitted  for  yonr 
considerat  on,  and  I  will  now  declare  the  discussion  open.  I 
think  it  might  be  well,  and  also  as  a  recognition  of  the  labors 
whicli  lie  has  bestowed  on  this  subject,  to  ask  Mr.  William  J. 
Hammer  if  he  will  kindly  open  the  discussion. 

Mk.  Hammer: — I  would  rather  have  kept  quiet  just  now  and 
listened  to  others.  1  would  like  to  say  however,  that  when  Dr. 
Crocker  prepared  his  report  as  delegate  from  the  Institute,  there 
were  only  four  names  which  appeared  of  associations  which  had 
already  considered  and  adopted  the  National  Electrical  Code,  and 
at  that  time  I  sent  a  letter  to  the  official  delegates  of  the  other 
five  associations  to  find  out  what  action  if  any  their  associations 
had  taken,  and  how  soon  they  proposed  to  take  action,  in  order 
tiiat  I  might,  perhaps,  refer  to  it  here.  I  at  once  heard  from 
Captain  lirophy  that  his  association,  that  is  the  National  Associa- 
tion of  Fire  Engineers,  had  unanimously  adopted  the  code,  and  the 
notice  was  received  in  time  to  add  it  to  the  other  four  associa- 
tions which  had  already  adopted  the  code.  I  have  this  evening 
n  ceived  a  letter  from  the  representative  of  the  American  Insti- 
tute of  Architects,  whom  1  had  seen  personally  and  who  assured 
me  that  the  matter  would  come  before  the  Executive  Committee 
of  his  association,  and  he  gave  most  positive  assurance  of  its  adop- 
tion by  the  American  Institute  of  Architects.  His  letter,  which 
I  received  this  evening,  says: 

"  Your  favor  of  the  28d  received  and  contents  noted.  We  did  not  succeed  in 
getting  a  quorum  to  attend  the  last  Executive  Committee  meeting;  of  the  Ameri- 
can Institute  of  Architects;  but  our  annual  convention  is  to  be  held  in  Detroit 
next  week,  prece<led  by  the  Board  of  Directors,  at  which  time  action  will  be 
taken  upon  the  National  Code.  I  have  written  a  report  to  the  convention,  and 
also  to  the  Directors  on  the  subject  which  I  shall  present  at  the  meeting. 


Yours  very  truly. 
Alf 


fred  Stone." 


And  I  might  say  that  I  also  received  this  afternoon  a  letter  of 
similar  import  from  Mr.  Frank  R.  Ford,  delegate  of  the  Ameri- 
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uniform  Code  for  the  whole  country  ;  the  fact  that  it  has  already  been  aiiopted 

by  the  most  important  bodies  represented  in   the  Conference,  and  in  order  to 

complete  the  powerful  and  beneficial  influence  which  the  Institute  has  already 

exerted  in  tliis  matter,  your  delegate  earnestly  recommends  that  the  Institute 

give  its  approval  to  the  "National  Electrical  C«)de."    This  action  need  not  be 

an  adoption  of  the  Code  which  would  be  iuany  way  binding  upon  the  individual 

members  of  the  Institute.     All  that  is  necessary  is  that  the  Institute  should 

approve  the  Code  as  representing  uniformity  and  co-operative  action.     One  of 

the  most  important  functions  that  the  Institute  can  possibly  perform  is  the 

encouragement  and  securing  of  the  very  uniformity  which  this  Code  so  well 

represents. 

Respectfully  submitted. 

FRANCIS  B.  CROCKER, 

New  York,  Sept.  15th.  1897.  Delegate. 

The  Chairman  : — (irentlemen,  you  have  heard  the  report  read 
by  the  Secretary  in  which  this  new  code  is  submitted  for  your 
considerat  on,  and  I  will  now  declare  the  discussion  open.  I 
think  it  might  be  well,  and  also  as  a  recognition  of  the  labors 
which  he  has  bestowed  on  this  subject,  to  ask  Mr.  William  J. 
Hammer  if  he  will  kindly  open  the  discussion. 

Mr.  Hammer: — I  would  rather  have  kept  quiet  just  now  and 
listened  to  others.  1  would  like  to  say  however,  that  when  Dr. 
(/rocker  prepared  his  report  as  delegate  from  the  Institute,  there 
were  only  four  names  which  appeared  of  associations  which  had 
already  considered  and  adopted  the  National  Electrical  Code,  and 
at  that  time  I  sent  a  letter  to  the  official  delegates  of  the  other 
five  associations  to  find  out  what  action  if  any  their  associations 
had  taken,  and  how  soon  they  proposed  to  take  action,  in  order 
that  I  might,  perhaps,  refer  to  it  here.  I  at  once  heard  from 
Captain  lirophy  that  his  association,  that  is  the  National  Associa- 
tion of  Fire  Engineers,  had  unanimously  adopted  the  code,  and  the 
notice  was  received  in  time  to  add  it  to  the  other  four  associa- 
tions which  had  already  adopted  the  code.  I  have  this  evening 
n  ceived  a  letter  from  the  representative  of  the  American  Insti- 
tute of  Architects,  whom  I  had  seen  personally  and  who  assured 
me  that  the  matter  would  come  before  the  Executive  Committee 
of  his  association,  and  he  gave  most  positive  assurance  of  its  adop- 
tion by  the  American  Institute  of  Architects.  His  letter,  which 
I  received  this  evening,  says: 

'•  Your  favor  of  the  28d  received  ami  contents  noted.  We  did  not  succeed  in 
gctt  iiig  H  quorum  to  attend  the  last  Executive  Committee  meeting  of  the  Ameri- 
can Institute  of  Architects;  but  our  annual  convention  is  to  be  held  in  Detroit 
next  week,  preceded  by  the  Board  of  Directors,  at  which  time  action  will  be 
taken  upon  the  National  Code.  I  have  written  a  report  to  the  convention,  and 
also  to  the  Directors  on  the  subject  which  I  shall  present  at  the  meeting. 


Yours  very  truly, 
ilf 


fred  Stone." 


And  I  might  say  that  I  also  received  this  afternoon  a  letter  of 
similar  import  from  Mr.  Frank  K.  Ford,  delegate  of  the  Ameri- 
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48.  Hanger- Boards.— 

a.  Hanger-boards  must  be  so  constructed  that  all  wires  and  current  carry- 
ing devices  thereon  shall  be  exposed  to  view  and  thoroughly  insulated  by 
bemg  mounted  on  a  non-combustible,  non -absorptive  insulating  substance. 
All  switches  attached  to  the  same  must  be  so  constructed  that  they  shall  be 
automatic  in  their  action,  cutting  off  both  poles  to  the  lamp,  not  stopping 
between  points  when  started  and  preventing  an  arc  between  points  under 
all  circumstances. 

49.  Arc  Lamps.— 

{Far  instaliation  ruUs^  see  No.  ig.) 

a.  Must  be  provided  with  reliable  stops  to  prevent  carbons  from  falling 
out  in  case  the  clamps  become  loose.  ' 

b.  Must  be  carefully  insulated  from  the  circuit  in  all  their  exposed  parts. 

c.  Must,  for  constant  current  systems,  be  provided  with  an  appror'ed  hdjid. 
switch,  also  an  automatic  switch  that  will  shunt  the  current  around  the 
carbons,  should  they  fail  to  feed  properly. 

The  hand-switch  to  be  approved,  if  placed  anywhere  except  on  the  lamp 
itself,  must  comply  with  requirements  for  switches  on  hanger-boards  as  laid 
down  in  Rule  48. 

50.  Spark  Arresters.— 

(See  N^o.  ig  r.) 

a.  Spark  arresters  must  so  close  the  upper  ori6ce  of  the  globe  that  it  will 
be  impossible  for  any  sparks,  thrown  oft  by  the  carbons,  to  escape. 

5  1 .  Insulating  Joints  — 

(.9^^'  No,  26  a,) 

a.  Must  be  entirely  made  of  material  that  will  resist  the  action  of  illumin- 
ating gases,  and  wilt  not  give  way  or  soften  under  the  heat  of  an  ordinary 
gas  flame,  or  leak  under  a  moderate  pressure.  They  shall  be  so  arranged 
that  a  deposit  of  moisture  will  not  destroy  the  insulating  effect,  and  shall 
have  an  insulating  resistance  of  at  least  250,000  ohms  between  the  gas  pipe 
attachments,  and  be  sufficiently  strong  to  resist  the  strain  they  will  be 
liable  to  be  subjected  to  in  being  installed. 

b.  Insulating  joints  having  soft  rubber  in  their  construction  will  not  be 
approved. 

52.  Resistance  Boxes  and  Equalizers.— 

(For  Installation  rules,  see  No.  4.) 

a.  Must  be  equipped  with  metal,  or  with  other  non-combustible  frames. 

The  word  "frame"  in  this  section  relates  to  the  entire  case  and  surrounding^s  of  the 
rheostat,  and  not  alone  to  the  upholding  supports. 

63-  Reactive  Colls  and  Condensers  — 

a.  Reactive  coils  must  be  made  of  non-combustible  material,  mounted  on 
non-cumbustible  bases  and  treated,  in  general,  like  .sources  of  heat. 

b.  Condensers  must  be  treated  like  apparatus  operating  with  equivalent 
voltage  and  currents  They  must  have  non -combustible  cases  and  supports, 
and  must  be  isolated  from  all  combustible  materials  and,  in  general,  treated 
like  sources  of  heat. 

54.  Transformers.— 

(For  installation  rules ^  see  N^os.  11  and  jj.) 
a.  Must  not  be  placed  in  any  but  metallic  or  other  non-combustible  cases. 

55.  Lightning  Arresters.— 

( For  installation  rules ^  see  No.  j. ) 

a.  Must  be  mounted  on  non- combustible  bases,  and  must  be  so  con- 
structed as  not  to  maintain  an  arc  after  the  discharge  has  passed,  and  must 
have  no  moving  parts. 
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Class  E. 
MISCELLANEOUS. 


66-  Insulation  Resistance-— 

The  wiring  in  any  building  must  test  free  from  grounds,  t.  e  ,  the  complete 
installation  between  conductors  and  between  all  conductors  and  the  ground 
(not  including  attachments,  sockets,  receptacles,  etc.)  of  not  less  than  the 
following : 

Up  to        5  amperes 4  ooo.ooo 

**  10        ••       2.000,000 

*'  ^S  "  hoo.occ 

'•  50  **  400,00 

"  100  "  700.000 

'*  aoo  ** 100,000 

**  400  '*  SO,oao 

'•  80  "  25,000 

*  1,600  "  and  over 1^.50 

All  cut-outs  and  safety  devices  in  place  in  the  above. 
Where  lamp  sockets,  receptacles  and  electroliers,  etc.,  are  connected, 
one-half  of  the  above  will  be  required. 

57-   Protection  Against  Foreign  Currents.— 

a.  Where  telephone,  telegraph  or  other  wires,  connected  with  outside  cir- 
cuits, are  bunched  together  within  any  building,  or  where  inside  wires  are 
laid  in  conduits  or  ducts  with  electric  light  or  power  wires,  the  covering  of 
such  wires  must  be  fire  resisting,  or  else  the  wires  must  be  inclosed  in  an 
air-tight  tube  or  duct. 

b.  All  aerial  conductors  and  underground  conductors,  which  are  directly 
connected  to  aerial  wires,  connected  with  telephone,  telegraph,  district 
messenger,  burglar  alarm,  watch-clock,  electric-time  and  other  similar  in- 
struments must  be  provided  near  the  point  of  entrance  to  the  buildings  with 
some  approved  protective  device  which  will  operate  to  shunt  the  instru- 
ments in  case  of  a  dangerous  rise  of  potential,  and  will  open  the  circuit 
and  arrest  any  abnormal  current  flow.  Any  conductor  normally  forming 
an  innocuous  circuit  may  become  a  source  of  fire  hazard  if  crossed  with 
another  conductor  charged  with  a  relatively  high  pressure 

Protectors  must  have  a  non-combustible  insulating  base,  and  the  cover 
to  be  provided  with  a  lock  similar  to  the  lock  now  placed  on  telephone 
apparatus  or  some  equally  secure  fastening,  and  to  be  installed  under  the 
following  requirements : 

1.  The  protector  to  be  located  at  the  point  where  the  wires  enter  the 
building,  either  immediately  inside  or  outside  of  the  same.  If  outside, 
the  protector  to  be  enclosea  in  a  metallic,  waterproof  case. 

2.  If  the  protector  is  placed  inside  of  building,  the  wires  of  the  circuit 
from  the  support  outside  to  the  binding  posts  of  the  protector  to  be  of 
such  insulation  as  is  approved  for  service  wires  of  electric  light  and 
power  (See  No.  40  a)  and  the  holes  through  the  outer  wall  to  be  pro- 
tected by  bashing  the  same  as  required  for  electric  light  and  power 
service  wires. 

3.  The  wire  from  the  point  of  entrance  to  the  protector  to  be  run  in 
accordance  with  rules  for  high-potential  wires,  /'.  e.,  free  of  contact 
with  building  and  supported  on  non-combustible  insulators. 

4.  The  ground  wire  shall  be  insulated,  not  smaller  than  No.  16 
B.  &  S.  gauge  copper  wire.  This  ground  wire  shall  be  kept  at  least 
three  inches  from  all  conductors,  and  shall  never  be  secured  by  un- 
insulated, double-pointed  tacks,  and  must  be  run  in  as  straight  a  line 
as  possible  to  the  ground  connection. 

s.  The  ground  wire  shall  be  attached  to  a  water  pipe,  if  possible, 
otherwise  may  be  attached  to  a  gas  pipe.  The  ground  wire  shall  be 
carried  to,  and  attached  to,  the  pipe  outside  of  the  first  joint  or  coupling 
inside  the  foundation  walls,  and  the  connection  shall  be  made  by  solder- 
ing, if  possible  In  the  ab.sence  of  other  good  ground,  the  ground  shall 
be  made  by  means  of  a  metallic  plate  or  a  bunch  of  mT^'&>;^>xn&^  vc^  ^ 
permanently  moist  earth. 
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58.  Electric  Gas  Llfirhtlns.— 

Where  electric  gas  lighting  is  to  be  used^  on  the  same  fixture  with  the 
electric  light : 

a.  No  part  of  the  gas  piping  or  fixture  shall  be  in  electric  connection  with 
the  gas  lighting  circuit. 

b.  The  wires  used  with  the  fixtures  must  have  a  non-inflammable  insula- 
tion, or  where  concealed  between  the  pipe  and  shell  of  the  fixture,  the  in- 
sulation must  be  such  as  required  for  fixture  wiring  for  the  electric  light. 

c.  The  whole  installation  must  test  free  from  *•  grounds." 

d.  The  two  installations  must  test  perfectly  free  from  connection  with 
each  other. 

59.  Solderlne:  Fluld- 

a.  The  following  formula  for  soldering  fluid  is  suggested  : 

Saturated  solution  uf  zinc  chloride 5  parts. 

Alcohol 4  parts. 

Glycerine x  part. 


Class  F. 
MARINE  WORK. 


60.  Generators.— 

a.  Must  be  located  in  a  dry  place. 

b.  Must  have  their  frames  insulated  from  their  bed-plates. 

c.  Must  each  be  provided  with  a  waterproof  cover. 

d.  Must  each  be  provided  with  a  name  plate,  giving  the  maker's  name, 
the  capacity  in  voltage  and  amperes  and  normal  speed  in  revolutions  per 
minute. 

61.  Wires.— 

a.  Must  have  an  approved  insulating  covering. 

The  insulation  for  all  conductors,  except  for  portables,  to  be  approved,  must  be  at 
least  one-eighth  inch  in  thickness  and  be  covered  with  a  substantial  waterproof  and 
flame-proofbraid.  The  physical  characteristics  shall  not  be  affected  b^  any  chang^e  in 
temperature  tip  to  aoo  degrees  Fahrenheit.  After  two  weeks'  submersion  in  salt  water 
at  7o  degrees  Fahrenheit  it  must  show  an  insulation  resistance  of  one  megohm  per 
mile  after  three  minutes'  electrification,  with  550  volts. 

b.  Must  have  no  single  wire  larger  than  No.  12  B.  &  S.  Wires  to  be 
stranded  when  greater  carr>'ing  capacity  is  required.  No  single  solid  wire 
smaller  than  No.  14  B.  &  S.,  except  in  fixture  wiring,. to  be  used. 

Stranded  wires  must  be  soldered  before  being  fastened  under  clamps  or  binding 
screws,  and  when  thev  have  a  conductivity  greater  than  No.  10  B.  &  S.  copper  wire 
they  must  be  solderea  into  lugs. 

c.  Must  be  supported  in  approved  molding,  except  at  switchboards  and 
portables. 

Special  permission  may  be  given  for  deviation  from  this  rule  in  dynamo  rooms. 

d.  Must  be  bushed  with  hard  rubber  tubing  one-eighth  inch  in  thickness 
when  passing  through  beams  and  non- water- tight  bull^heads. 

e.  Must  have,  when  passing  through  water-tight  bulkheads  and  through 
all  decks,  a  metallic  stuffing  tube  lined  with  hard  rubber.  In  case  of  deck 
tubes  they  shall  be  boxed  near  deck  to  prevent  mechanical  injury. 

/.  Splices  or  taps  in  conductors  must  be  avoided  as  far  as  possible. 
Where  it  is  necessary  to  make  them,  they  must  be  so  spliced  or  jciined  as  to 
be  both  mechanically  and  electrically  secure  without  solder.  They  must 
then  be  soldered,  to  insure  preservation,  covered  with  an  insulating  com- 
pound equal  to  the  insulation  of  the  wire,  and  further  protected  by  a 
waterproof  tape.  The  joint  must  then  be  coated  or  painted  with  a  water- 
proof  compound. 
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62.  Portable  Conductors  — 

a  Must  be  made  of  two  stranded  conductors,  each  having  a  carrying 
capacity  equivalent  to  not  less  than  No.  14  B.  &  S.  wire,  and  each  covered 
with  an  approved  insulation  and  covering. 

Where  not  exp>osed  to  moisture  or  severe  mechanical  injury,  each  stranded  conductor 
must  have  a  solid  insulation  at  least  one-thirty-second  of  an  inch  in  thickness,  and 
must  show  an  insulation  resistance  between  conductors,  and  between  either  conductor 
and  the  ground,  of  at  least  one  megohm  per  mile  after  one  week's  submersion  in  water 
at  seventy  degrees  Fahrenheit  and  after  three  minutes'  electrification,  with  500  volts, 
and  be  protected  by  a  slow-burning,  tough-braided  outer  covering. 

Where  exposed  to  moisture  and  mechanical  injury— as  for  use  on  decks,  holds  and 
fire  rooms— each  stranded  conductor  shall  have  a  solid  insulation,  to  be  approved,  of 
at  least  one-thirty-second  of  an  inch  in  thickness  and  protected  bv  a  toi^h  braid. 
The  two  conductors  shall  then  be  stranded  together,  usmg  a  jute  filling.  The  whole 
.shall  then  be  covered  with  a  layer  of  flax,  either  woven  or  braided,  at  least  one-thirty- 
second  of  an  inch  in  thickness,  and  treated  with  a  non-inflammable,  waterproof  com- 
pound. After  one  week's  submersion  in  water  at  seventy  degrees  Fahrenheit,  with 
5^0  volts  and  a  three  minutes'  electrification,  must  show  an  insulation  between  the 
two  conductors,  or  between  either  conductor  and  the  gn^ound  of  one  megohm  per  mile. 

63.  Bell  or  other  Wires.— 

a.  Shall  never  be  run  in  same  duct  with  lighting  or  power  wires. 

64-    Table  of  Capacity  of  Wires.— 


B.  &  S.  G. 

Arra  Actual 
C.  M. 

No.  of  Strands. 

Size  of  Strands 
B.  &  S.  G. 

Amperes. 

19 

i,a88 

^^^ 

^IVW 

18 

1,624 

3 

17 

2,048 

— 

— 

16 

9,583 

— 

— 

6 

«5 

3.«57 

— 

"^ 

1                 M 

4,»07 

— 

12 

12 

6.530 

— 

— 

17 

^^ 

9.016 

7 

:i 

91 

— 

11,368 

7 

95 

— 

M.3l6 

7 

»7 

30 

— 

x8,o8i 

7 

16 

35 

— 

»^,709 

7 

IS 

40 

— 

30,856 

19 

18 

50 

— 

38,QT3 

19 

17 

60 

— 

49.077 

19 

16 

70 

— 

60.088 

37 

18 

85 

75  776 

^7 

17 

100 

— 

99.064 

61 

18 

130 

— 

124,928 

S' 

17 

US 

X57.563 

6t 

16 

170 

198,677 

6x 

15 

900 

— 

250,527 

61 

14 

935 

— 

296,387 

9» 

15 

270 

— 

37  5,737 

91 

14 

320 

413.639 

127 

>5 

340 

When  greater  conducting  area  than  that  of  12  B.  St  S.  G.  is  required,  the  conductor 
sliall  be  stranded  in  a  series  of  7,  19,  37,  61,  gi  or  127  wires,  as  may  be  required  ;  the 
strand  consisting  of  one  central  wire,  the  remainder  laid  around  it  concentrically,  each 
liiyer  to  be  twisted  in  the  opposite  direction  from  the  preceding. 


65.    Switchboards.— 

a.  Must  be  made  of  non-combustible,  non-absorptive,  insulating  material, 
such  as  marble  or  slate. 

d.  Must  be  kept  free  from  moisture,  and  must  be  located  so  as  to  be 
accessible  from  all  sides. 

c.  Must  have  a  main  switch,  main  cut-out  and  ammeter  for  each  gen- 
erator. 
Must  also  have  a  voltmeter  and  ground  detector. 

(i.  Must  have  a  cut-out  and  switch  for  each  side  of  each  circuit  leading 
from  board. 
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66.  Resistance  Boxes.— 

a.  Must  be  made  of  non-combustible  material. 

b.  Must  be  located  on  a  switchboard  or  away  from  combustible  material. 
When  not  placed  on  switchboard  they  must  be  mounted  on  non-inflammable, 
non-absorbtive  insulating  material. 

c.  Must  be  so  constructed  as  to  allow  sufficient  ventilation  for  the  uses  ta 
which  they  are  put. 

67.  Switches.— 

a.  Must  have  non-combustible,  non-absorptive,  insulating  bases. 

b.  Must  operate  successfully  at  fifty  per  cent,  overload  in  amperes  with 
twenty  five  per-cent.  excess  voltage  under  the  most  severe  conditions  they 
are  liable  to  meet  with  in  practice,  and  must  be  plainly  marked  where  it 
will  always  be  visible,  with  the  name  of  the  maker  and  the  current  and 
voltage  for  which  the  switch  is  designed. 

c.  Must  be  double- pole  when  circuits  which  they  control  supply  more 
than  six  i6-candle-power  lamps  or  their  equivalent. 

d.  When  exposed  to  dampness,  they  must  be  enclosed  in  a  water-tight 
case. 

68.  Cut-outs.— 

a.  Must  have  non  combustible,  non  absorptive,  insulating  bases. 

b.  Must  ojjerate  successfully  under  the  most  severe  conditions  they  are 
liable  to  meet  with  in  practice,  on  short  circuit  with  fuse  rated  at  fifty  per 
cent,  above,  and  with  a  voltage  twenty-five  per  cent,  above  the  current  and 
voltage  they  are  designed  for.  and  must  be  plainly  marked  where  they  will 
always  be  visible  with  the  name  of  the  maker  and  current  and  voltage  for 
which  the  device  is  designed. 

c.  Must  be  placed  at  every  point  where  a  change  is  made  in  the  size  of 
the  wire  (unless  the  cut-out  m  the  larger  wire  will  protect  the  smaller). 

d.  In  places  such  as  upper  decks,  holds,  cargo  spaces  and  fire  rooms,  a 
water-tight  and  fireproof  cut-out  may  be  used,  connecting  directly  to  mains 
when  such  cut-out  supplies  not  more  than  six  i6-candlc  power  lamps  or 
their  equivalent. 

e.  When  placed  anywhere  except  on  switchboards  and  certain  places,  as 
cargo  spaces,  holds,  fire-rooms,  etc.,  where  it  is  impossible  to  run  from 
centre  of  distribution,  they  shall  be  in  a  cabinet  lined  with  fire-resisting 
material. 

f.  Except  for  motors,  search-lights  and  diving  lamps  shall  be  so  placed 
that  no  group  of  lamps,  requiring  a  current  of  more  than  six  amperes,  shall 
ultimately  be  dependent  upon  one  cut-out. 

A  single-pole  covered  cut-out  may  be  placed  in  the  moulding  when  same  contains 
conductors  supplying  current  for  not  more  than  two  i6-candle-power  lamps  or  their 
equivalent. 

69.  Fixtures  — 

a.  Shall  be  mounted  on  blocks  made  from  well  seasoned  lumber  treated, 
with  two  coats  of  white  lead  or  shellac. 

b.  Where  exposed  to  dampness,  the  lamp  must  be  surrounded  by  a  vapor- 
proof  globe. 

c.  Where  exposed  to  mechanical  injury,  the  lamp  must  be  surrounded  by 
a  globe  protected  by  a  stout  wire  guard. 

d  Shall  be  wired  with  same  grade  of  insulation  as  portable  conductors 
which  are  not  exposed  to  moisture  or  mechanical  injury. 

70.  Sockets.— 

a.  No  portion  of  the  lamp  socket  or  lamp  base  exposed  to  contact  with 
outside  objects  shall  be  allowed  to  come  into  electrical  contact  with  either 
of  the  conductors. 
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7  1 .    Wooden  Mouldlnflrs.— 

a.  Must  be  made  of  well  seasoned  lumber,  and  be  treated  inside  and  out 
with  at  least  two  coats  of  white  lead  or  shellac. 

b.  Must  be  made  of  two  pieces,  a  backing  and  a  cappin^^,  so  constructed 
as  to  thoroughly  incase  the  wire  and  provide  a  one-half-inch  ton^j^e  be- 
tween the  conductors  and  a  solid  backing  which,  under  grooves,  shall  not 
be  less  than  three-eighths  inch  in  thickness. 

c.  Where  mouldint^  is  run  over  rivets,  beams,  etc.,  a  backing  strip  must 
first  be  put  up  and  the  moulding  secured  to  this. 

d.  Capping  must  be  secured  by  brass  screws. 

72.    Motors.— 

a.  Must  be  wired  under  the  same  precautions  as  with  a  current  of  same 
volume  and  potential  for  lighting.  The  motor  and  resistance  box  must  be 
protected  by  a  double-pole  cut-out  and  controlled  by  a  double-pole  switch, 
except  in  cases  where  one-quarter  horse-power  or  less  is  used. 

The  leads  or  branch  circuits  should  be  desifi^ned  to  carry  a  current  at  least  fifty  per 
cent,  greater  than  that  required  by  the  rated  capacity  of  the  motor  to  provide  for  the 
inevitable  overloading  of  the  motor  at  times. 

d.  Must  be  thoroughly  insulated.  Where  possible,  should  be  set  on  base 
frames  made  from  filled,  hard,  dry  w^ood  and  raised  above  surrounding 
deck.  On  hoists  and  winches  thev  shall  be  insulated  from  bed-plates  by 
hard  rubber,  fiber  or  similar  insulating  material. 

c   Shall  be  covered  with  a  waterproof  cover  when  not  in  use. 

#/.  Must  each  be  provided  with  a  name  plate  giving  maker's  name,  the 
capacity  in  volts  and  amperes  and  the  normal  speed  in  revolutions  per 
mmute. 


AMERICAN  INSTITUTE  OF  ELECTRICAL 

ENGINEERS. 


New  York,  September  29tli,  1897. 

The  118th  meeting  of  the  Institute  was  held  this  date,  at  12 
West  31st  Street,  and  was  called  to  order  by  President  Crocker 
at  8.20  p.  M 

The  Secretary: — At  the  meeting  of  the  Executive  Com- 
mittee of  the  Council,  on  September  ISth,  the  following  associate 
members  were  elected: 

NAine.  AddraiB.  Eadoraed  by. 

Black   Howard  D.        Salesman.    Blackall  &  Baldwin.  7  S  S.  Wheeler. 

West  I9th  St. :    P.  0.  Box  267  F.  B.  Crocker. 

New  York,  N.  Y.  Gano  S.  Dunn. 

Blackall,  Frederick,  S.  Selling:  Agent,  Crocker- Wheeler    S.  S.  Wheeler 

Electric  Co.,  P.  0.  Box  267  New    Gano  S.  Dunn. 
York  ;  residence,  Roselle,  N.  J.      K.  B.  Crocker. 

Graves,  Chas.  B.  Senior    Student,     Tufts    College,    J.  R.  Loveioy. 

Mass. ;    residence,    Marblehead.     Sidney  B.  raine. 
Mass.  C.  D.'Haskins. 

Stout,  George  H.  Representative  of  Crocker- Wheeler  C.  S.  Bradley. 

Electric   Co.    and    Walker   Co.,  T.  J.  Smith. 

Box  78  Atlantic  Highlands,  N.J.  S.  S.  Wheeler. 
Total  4. 

The  President: — Gentlemen,  as  I  appear  here  rather  as  an 
advocate  than  as  a  judge,  it  is  proper  that  I  should  not  preside  at 
tills  meeting.  It  may  l)e  necessary  for  me  to  take  part  in  the  de- 
bate. My  connection  with  this  National  Conference  on  Standard 
Electrical  Jiules  ante-dated  by  more  than  a  year  my  election  to 
the  presidency,  and  it  was  not  practicable  to  sever  that  connec- 
tion— certainly  not  before  this  meeting.  Therefore  I  shall  call 
upon  Mr.  Lieb,  one  of  our  Managers,  to  kindly  take  the  chair. 

Mr.  Lieb  then  took  the  chair. 

The  Chairman  : — We  will  begin  the  presentation  of  the  mat- 
ter that  is  to  come  before  the  meeting  this  evening  by  the  reading 
<f  T)r.  Crocker's  report. 
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The  Secretary  read  the  following : 

American  IxsTiTrrE  of  Electrical  Engineers. 

REPORT  ON  THE 

•*  NATIONAL  ELECTRICAL  CODE." 


The  National  Conference  on  Standard  Electrical  Rnles  met  in  New  York  City 
on  March  Ibth  and  I9th,  1896.  This  bcxly  whs  composed  of  delegates  repre- 
senting the  various  Electrical.  Insurance,  Architectural  and  allied  interests, 
and  had  for  its  object  the  adoption  of  one  Electrical  Code  to  take  the  place 
of  the  many  conflicting  Codes  then  in  existence.  Representatives  of  the  princi- 
pal electrical  companies  were  invited  to  attend  the  Conference  but  it  was  decided 
at  the  meeting  that  those  delegates  should  be  made  Associate  Members  and  that 
the  voting  membership  should  be  confined  to  the  following  Associations  : 

American  Institute  of  Architects. 

American  Institute  of  Electkical  Engineers. 

American  Society  of  Mechanical  Engineers. 

American  Street  Railwav  Association. 

Factory  Mutual  Fire  Insurance  Companies. 

National  Association  of  Fire  Engineers. 

National  Board  of  Fire  Underwriters. 

National  Electric  Light  Association. 

Underwriters*  National  Electric  Association. 
As  a  result  of  the  labors  of  this  Conference,  acting  in  co-operation  with  the 
Underwriters'  National  Electric  Association,  a  revised  set  of  rules  has  been 
formulated  to  which  the  name  ''National  Electrical  Code"  has  been  given,  a 
copy  of  which  is  submitted  herewith.  This  Code  has  already  been  adopted  or 
approved  by  the  following  bodies  : 

Factory  Mutual  Fire  Insurance  Cnmpanies. 

National  Board  of  Fire  Underwriters, 

National  Electric  Light  Association. 

Underwriters'  National  Electric  Association. 

National  Association  of  Fire  Engineers. 
The  inlluonce  already  exerted  by  the  Institute  in  this  matter  has  been  most 
important;  in  fact,  it  is  no  exaggeration  to  say  that  the  Conference  would  have 
failed  to  accomplish  its  object  had  the  Institute  held  aloof  from  it.  The  re- 
presentative of  the  Institute  was  appointed  Chairman  of  the  Committee  on 
Code,  which  performed  the  actual  work  of  revising  the  Rules.  The  New  Code 
contains  many  amendments  in  regard  to  the  technical  requirements,  and  in 
form  it  has  been  entirely  revised.  The  latter  fact  is  particularly  important,  as 
previous  codes  had  become  a  patcli-work  containing  many  repetitions  and 
interpolations.  This  result  alone  is  a  sufficient  reward  for  the  labors  of  the 
Conference.  It  is  not  claimed  that  the  Code  is  perfect,  but  it  can  be  said  that 
each  word  in  it  was  carefully  considei-ed  by  a  number  of  men  representing  the 
most  diverse  interests  and  points  of  view.  If  amendments  are  recjuired  in  the 
future  they  can  easily  be  made,  the  new  arrangement  of  the  Code  being  specially 
designed  to  enable  this  to  be  done  without  injury  to  its  general  form.  In  view 
of  the  very  great  advantages  to  be  obtained  by  the  general  adoption  of  one 
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unifurm  Code  for  the  whole  country  ;  the  fact  that  it  has  already  been  aiiopted 
by  the  most  important  bodies  represented  in  the  Conference,  and  in  order  to 
complete  the  powerful  and  beneficial  influence  which  the  Institute  has  already 
exerted  in  this  matter,  your  delegate  earnestly  recommends  that  the  Institute 
give  its  approval  to  the  "National  Electrical  Code."  This  action  need  not  be 
an  adoption  of  the  Code  which  would  be  in  any  way  binding  upon  the  individual 
merabtrs  of  the  Institute.  All  that  is  necessary  is  that  the  Institute  should 
approve  the  Code  as  representing  uniformity  and  co-operative  action.  One  of 
the  most  important  functions  that  the  Institute  can  possibly  perform  is  the 
encouragement  and  securing  of  the  very  uniformity  which  this  Code  so  well 
represents. 

Respectfully  submitted. 

FRANCIS  B.  CROCKER, 
New  York,  Sept.  15th,  1897.  Delegate. 

The  Ciiaikman  : — Gentlemen,  you  have  lizard  the  report  read 
by  the  Secretary  in  which  this  new  code  is  submitted  for  your 
considerat  on,  and  1  will  now  declare  the  discussion  open.  I 
think  it  might  be  well,  and  also  as  a  recognition  of  the  labors 
which  he  has  bestowed  on  this  subject,  to  ask  Mr.  William  J, 
Hammer  if  he  will  kindly  open  the  discussion. 

Mr.  Hammer: — I  would  rather  have  kept  quiet  just  now  and 
listened  to  others.  I  would  like  to  say  however,  that  when  Dr. 
Crocker  prepared  his  report  as  delegate  from  the  Institute,  there 
were  only  four  names  which  appeared  of  associations  which  had 
already  considered  and  adopted  the  National  Electrical  Code,  and 
at  that  time  I  sent  a  letter  to  the  official  delegates  of  the  other 
five  associations  to  find  out  what  action  if  any  their  associations 
had  taken,  and  how  soon  they  proposed  to  take  action,  in  order 
that  I  might,  perhaps,  refer  to  it  here.  I  at  once  heard  from 
Captain  Brophy  that  his  association,  that  is  the  National  Associa- 
tion of  Fire  Engineers,  had  unanimously  adopted  the  code,  and  the 
notice  was  received  in  time  to  add  it  to  the  other  four  associa- 
tions  which  had  already  adopted  the  code.  I  have  this  evening 
n  ceived  a  letter  from  the  representative  of  the  American  Insti- 
tute of  Architects,  whom  1  had  seen  personally  and  who  assured 
me  that  the  matter  would  come  before  the  Executive  Committee 
of  his  association,  and  he  gave  most  positive  assurance  of  its  adop- 
tion by  the  American  Institute  of  Architects.  His  letter,  which 
I  received  this  evening,  says: 

••  Your  favor  of  the  23d  received  and  contents  noted.  We  did  not  succeed  in 
getting  a  quorum  to  attend  the  last  Executive  Committee  meeting  of  the  Ameri- 
can I  Institute  of  Architects:  but  our  annual  convention  is  to  be  held  in  Detroit 
next  week,  preceded  by  the  Board  of  Directors,  at  which  time  action  will  be 
taken  upon  the  National  Code.  I  have  written  a  report  to  the  convention,  and 
also  to  the  Directors  on  the  subject  which  I  shall  present  at  the  meeting. 


Yours  verj'  truly. 

Kit 


fred  Stone." 


And  I  might  say  tliat  I  also  received  this  afternoon  a  letter  of 
similar  import  from  Mr.  Frank  E.  Ford,  delegate  of  the  Ameri- 
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can  Street  Railway  Association,  who  is  entirely  in  sympathy  with 
this  matter,  and  who  has  prepared  his  report  for  submission  at  the 
meeting  of  the  American  Street  Railway  Association  in  October, 
and  from  what  we  hear,  there  is  every  reason  to  expect  that  that 
association  will  adopt  the  National  Electrical  Code.  We  have 
also  received  a  very  strong  assurance  from  the  association  under 
whose  roof  we  are  now  assembled  and  who  courteously  extended 
the  facilities  of  their  house  as  the  official  headquarters  of  the 
National  Conference  on  Standard  Electrical  Rules.  It  was  here 
that  we  held  our  meeting  and  had  our  discussions.  It  was  here 
that  the  Code  Committee  met,  and  we  as  an  association  have  re- 
ceived veiT  great  courtesies  from  the  American  Society  of  Me- 
chanical Engcineers,  and  from  what  I  personally  have  heard  and 
from  what  Dr.  Crocker  tells  me,  there  is  practically  no  question 
but  that  that  association  will  approve  the  National  Electrical 
Code. 

The  Chairmajj  : — We  would  be  glad  to  hear  from  Mr.  Sachs, 
who,  I  understand,  is  prepared  to  discuss  the  subject  under  con- 
sideration. 

Mr.  Joseph  Saohs  : — I  did  not  come  prepared  to  open  the  dis- 
cussion upon  this  subject.  Those  who  were  more  intimately  con- 
nected with  the  formulation  of  the  code  might  more  properly  be- 
gin. I  would  like  to  come  in  at  the  end.  There  are  various 
sections  of  this  new  code  which  admit  of  discussion.  The  effect 
of  various  changes  that  have  been  made  in  the  new,  as  dis- 
tinguished from  tlie  old  code,  might  be  discussed  and  some  of  the 
new  features  criticised,  others  perhaps  lauded.  Amongst  the 
novelties,  for  instance,  in  this  new  code,  is  the  permission  given  to 
use  plain  pipe  and  the  recommendation,  if  it  may  be  so  called,  of 
automatic  electromagnetic  circuit-breaking  devices.  These  fea- 
tures stand  out  very  distinctly,  although  there  are  also  quite  a 
number  of  others. 

Dr.  a.  E.  Kennelly: — I  think  that  the  Insiitute  is  to  be  con- 
gratulated upon  the  n»port  that  has  been  presented  to  it  this 
evening  and  upon  the  National  Electric  Code  as  it  appears  before 
us  in  print.  We  all  know  how  much  confusion  has  existed  in 
the  past  from  the  co-existence  of  a  variety  of  different  rules  not 
merely  in  different  parts  of  the  country,  but  in  different  organi- 
zations of  the  same  city.  I  cannot  help  thinking  that  the  fusion 
of  all  pre-existing  codes  into  a  single  code,  if  we  can  secure  it,  is 
80  highly  desirable,  that  we  should  do  all  in  onr  power  to  bring  it 
about.  No  doubt  many  of  us  may  have  our  own  ideas  as  to  pos- 
fiible  improvements  in  this  code,  but  it  seems  to  me  that  the  ad- 
vantage of  national  uniformity  outweighs  any  objections  that 
can  be  urged  against  any  particular  rules.  I  may  be  permitted 
to  say  that  at  the  time  when  the  Institute  was  invited  to  enter 
this  National  Conference,  I  had  fears  that  such  a  conference 
might  bring  the  Institute  into  unpleasant  relations  with  com- 
mercial associations,  and  that  bad  feeling  and  dissension  in  the 
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Institute  might  ensue.  I  am  glad  to  find  that  my  fears  have  ap- 
parently been  groundless,  owing  in  large  measure  no  doubt  to 
tact  and  care  of  the  officer  delegated  to  represent  the  Instiiute 
at  the  Conference,  and  I  think  we  may  be  gratified  by  the  results 
which  seems  to  have  been  reached,  namely  the  agreement  of  so 
many  conflicting  interests  and  so  much  vested  and  uninvested  cap- 
ital upon  a  single  set  of  rules.  I  would  move  sir,  that  the  report 
here  presented  be  adopted  by  the  Institute,  be  spread  upon  the 
miimtes,  and  that  the  National  £lectrical  Code  as  it  is  here  pre- 
sented in  pamphlet  form,  be  printed  in  the  Tkansactions. 

Mr.  Gano  S.  Dunn  : — Mr.  Chairman — I  rise  to  second  the 
motion  most  heartily.  As  Dr.  Kennelly  has  said,  there  are  a 
number  of  things  in  the  code  which  do  not  agree  with  the  ideas 
of  all  of  us.  Being  connected  with  the  manufacture  of  electrical 
machinery,  there  are  several  items  that  I  would  change,  but,  for 
the  same  reason,  I  appreciate  the  value  of  the  code  because  of  its 
uniformity,  and  I  cannot  fully  express  how  much  I  feel  that  it  is 
desirable  for  this  Institute  to  approve  this  code  and  thereby  as- 
sist in  supporting  it. 

The  Chairman  : — Gentlemen,  you  have  heard  the  motion 
made  by  Dr.  Kennelly  tbat  the  report  of  Dr.  Crocker  be  re- 
ceived, and  the  code  ac»companying  it  be  spread  upon  the  minutes 
and  receive  the  formal  approval  of  the  Institute,  and  you  have 
also  heard  the  seconding  of  that  motion  by  Mr.  Gano  S.  Dunn. 
We  will  continue  the  discussion,  if  it  is  your  pleasure,  before  the 
motion  is  put  to  a  formal  vote. 

Mr.  C.  O.  Mailloux  : — I  note  that  in  the  latter  portion  of 
Dr.  Crocker's  report  he  says  that  "  This  action  need  not  be  an 
adoption  of  the  code  which  would  be  in  any  manner  binding  upon 
the  individual  members  of  the  Institute.  All  that  is  neccbsary  is 
that  the  Institute  should  approve  the  code  as  representing  uni- 
formity and  co-operative  action."  Now,  gentlemen,  I  think  that 
that  is  a  very  sensible  way  to  put  it,  and  I  think  that  all  our 
action  in  this  matter  ought  to  be  bounded  and  limited  by  these 
two  sentences.  That  is  all  that  the  report  asks,  and  I  think  that 
is  all  that  we  should  give  to  it.  It  asks  merely  that  the  code  be 
approved  as  an  evidence  and  a  step  of  progress  in  the  direction  of 
uniformity  and  co-operative  action.  In  adopting  it  in  that  way 
and  in  tbat  form  we  are  not  committing  the  Institute  or  its  mem- 
bers to  any  tacit  approval  of  any  of  its  contents,  excepting  in-so- 
far  as  the  said  contents  may  recommend  themselves  to  individual 
judgment,  and  may  accord  with  personal  experience  as  to  the  re- 
quirements which  the  particular  individual  in  question  may  pos- 
sess. I  regret  that  I  iiave  not  been  able  to  study  carefully  the 
rules.  I  have  just  lately  returned  from  abroad  anSi  found  natur- 
ally a  great  deal  to  do,  and  two  new  sets  of  rules,  on  my  hands, 
one  issued  by  the  City  Fire  Department  and  the  new  one  by  the 
National  Board  of  Fire  Underwriters.  I  have  looked  into  the 
two  sets  only  in-so-far  as  it  has  been  necessary  for  me  to  do  so  tA 
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Slide  me  in  carryiDg  out  the  work  which  1  have  had  in  hand. 
onBequeiitly,  I  cannot  say  that  I  have  intimate  enough  knowledge 
of  the  two  sets  of  rules  to  be  able  to  speak  very  exhaustively  <»r 
to  make  any  exhaustive  commentary  or  criticism  on  either  of 
them.  I  have  been  struck  however  with  the  thoroughness  with 
which  the  City  Fire  Department  rules  have  been  worked  up.  I 
could  not  help  noticing  that  they  had  gone  into  a  good  many 
points  which  are  still  left  obscure  in  the  other  rules,  and  that 
they  rationalized  certain  points  which  had  been  always  treated  in 
a  somewhat  arbitrary  and  empirical  manner  in  all  previous  rules. 
I  may  note,  for  instance,  the  fact  of  making  the  insulation  resist- 
ance required,  a  function  of  the  working  pressure.  I  may  also 
note  the  fact  that  the  separation  between  conductors  or  their 
distance  apart,  is  made  in  the  city  rules,  a  function  of  the  pres- 
sure or  potential  to  be  carried  by  the  wires,  as  it  ought  to  be. 
This  I  understand  from  conversing  with  the  parties  who  have 
prepared  these  excellent  ru!ep.  These  rules  have  been  made  not 
perhaps  on  a  strictly  scientific  basis,  but,  as  a  means  of  reconcil- 
ing in  a  fashion  that  at  least  accords  with  the  facts  of  experience 
and  those  of  accepted  practice,  so  as  to  produce  rules  which  will 
not  interfere  too  much  with  what  has  been  done  in  the  past,  and 
at  the  same  time  will  form  a  good  guidance  for  what  is  to  come 
in  the  future.  Now,  while  I  think  that  several  of  the  excellent 
features  in  these  City  Fire  Department  rules,  may  apply  more 
strictly  to  the  work  that  is  done  in  and  about  New  York  City, yet  I 
also  think  that  a  complete,  comprehensive  code,  such  as  a  national 
code  ought  to  be,  should  pay  some  deference  to  tliegood  features  of 
those  rules.  There  are  some  points  there  which  are  very  carefully 
discussed,  more  especially  f  or  instance,in  relation  tofut-outjJ,whether 
they  be  electro-n)agnetic  or  panel  cut-outs  or  ordinary  porcelain 
base  fuse  cut-outs,  the  subject  being  treated  in  a  very  logical,  clear 
manner.  There  is  also  this  very  question  of  dynamo  and  motor 
installation  which  Mr.  Sachs  referred  to.  I  find  quite  a  variation 
between  the  two  sets  of  rules.  In  New  York  Citv,  for  instance 
we  are  placed  in  the  predicament  of  one  rule  asking  us  to  insulate 
a  dynamo  and  another  rule  asking  us  to  ground  it,  and  it  would 
evidently  be  a  difficult  matter  in  a  case  of  that  kind  ro  do  what 
both  ask.  I  remember  once  being  asked  under  the  old  rules,  in 
connection  with  a  very  large  building  not  far  from  where  we  are 
now,  to  run  wires  in  moulding  with  the  capping  left  out.  The 
next  day  another  inspector  came,  and  insisted,  under  the  same 
rules  that  we  must  have  it  on.  Of  course  I  could  not  do  it  both 
ways.  Finally,  I  had  to  have  a  conference  at  which  something 
like  ten  different  inspection  authorities  were  present,  and  at  which 
it  was  finally  decided  after  several  sessions,  to  do  this  and  also 
other  details  in  a  certain  manner,  which  by  the  way,  did  not  par- 
ticularly follow  the  rules.  Now,  in  relation  to  the  installation  of 
dynamos,  to  take  that  point  alone,  (since  1  have  not  sufficient 
familiarity  with  the  rules,  as  I  have  said  to  go  into  it  more  deeply),  it 
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seems  to  me  that  some  reference  might  have  been  made  to  the 
particular  kind  of  dynamos — whether  thej  be  for  lii^h  electrical 
pressure  or  low  electrical  pressure,  whether  they  be  intended  for 
central  stations  or  for  isolated  plants.  I  think  it  makes  a  great 
deal  of  difference.  With  the  present  direct-connected  dynamos 
it  is  a  physical  impossibility  to  insulate  without  detriment  to  me- 
chanical integrity  and  stability  and  it  is  also  more  or  less,  in  many 
cases  an  impossibility  to  provide  an  insulated  platform  around  them. 
So  what  is  one  going  to  do?  One  set  of  rules  suggests  that  we  had 
better  ground  them.  I  incline  to  the  opinion  that  this  set  of 
rules  may  be  about  right,  for  an  isolated  plant  and  for  low  poten- 
tials, though  the  circumstances  may  be  quite  diflFerent  in  a  cen- 
tral station  and  for  h^gh  potentials.  I  think  that  in  a  central  sta- 
tion, it  might  be  desirable,  especially  with  higher  potentials,  to 
insulate  them  under  all  circumstances,  merely  on  account  of  the 
greater  safety  to  human  life.  But  where  danger  is  not  to  be 
feared,  with  low  pressure,  I  do  not  think  it  makes  much  difference 
whether  the  machine  is  insulated  or  not.  It  is  crrtainly  more 
convenient  to  have  it  un-insulated,  and  in  that  case  the  trouble  or 
difficulty  will  be  at  the  dynamo  and  will  not  spread  to  other 
places.  Therefore  gentlemen,  I  hope  very  much  that  we  will 
take  some  sort  of  action  which,  while  expressing  our  commenda- 
tion and  approval  of  the  beautiful  work  which  has  been  done  by 
this  committee,  will  not  nevertheless  commit  us  in  such  a  manner 
as  to  compel  us,  either  tacitly  or  in  any  other  way,  to  approve  the 
rules  and  compel  us  to  stick  to  them  to  the  disparagement  of  other 
rules  that  may  have  a  greater  priority  of  action  and  greater  force 
upon  us.  In  a  municipality  like  New  York  for  instance,  especi- 
ally after  it  becomes  Greater  New  York,  it  may  become  a  ques- 
tion as  to  which  of  the  sets  of  rules  shall  have  priority  over  the 
other.  I  myself  believe  that  these  matters  should  be  entirely 
controlled  by  the  municipality,  and  that  all  other  rules  should  be 
subservient  to  miftiieipal  rules.  It  is  certainly  very  desirable 
that  there  should  be  only  one  set  of  rules,  and  as  the  municipal 
government  assumes  to  dictate  and  prescribe  rules  in  relation  to 
the  details  of  buildmgs  generally,  and  all  details  which  affect  pub- 
lic life  andpublicsafet}',  itseemstome  that  it  can  also  be  prepared 
and  competent,  or  ought  to  be,  and  that  it  is  within  its  legitimate 
province,  to  institute  rules  and  prescribe  regulations  which  apply 
to  safety  in  electrical  matters  as  well  as  in  others.  That  being 
my  view  of  the  matter,  I  would  certainly  dislike  to  be  placed  in 
a  position  where  I  must  disobey  one  in  order  to  obey  the  other. 
I  want  to  be  placed  in  a  position  where  I  can  obey  the  two. 

With  regard  to  the  rules  which  are  not  exactly  apposite,  or 
which  appear  to  be  somewhat  absurd  or  which  include  regula- 
tions that  are  not  entirely  adequate,  1  may  state  that  those  things 
to  a  great  extent  cure  themselves.  Let  a  rule  be  issued  which  is 
incompetent  or  which  is  not  consistent,  and  it  does  not  take  long  to 
discover  flaws  in   it;    and  the   "breach"  soon   becomes  more 
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honored  than  the  "  observance,"  because  the  observance  becomes  so 
ridiculous  and  so  absurd  that  it  is  no  longer  insisted  upon.  Con- 
sequently I  do  not  look  for  very  much  trouble  on  the  score  of 
rules  which  are  not  perfect.  No  one  can  expect  perfect  rules. 
All  that  I  would  ask  is  that  in  regard  to  those  rules  which  are  not 
consistent  with  other  rules,  (where  one  is  placed  in  tlie  position 
of  having  to  defer  to  various  authorities),  that  there  should  be  no 
binding  action  whatever  compelling  one  to  obey  one  set  in  pref- 
erence to  any  other  set. 

Mr.  Hammer  : — Mr.  Chairman. — Referring  to  Mr.  Mailloux's 
remarks  about  insulation  of  the  machine,  I  would  like  to  call  at- 
tention to  the  two  sections  in  the  two  codes  so  that  you  will  note 
how  closely  they  arrive  at  the  same  conclusion.  The  National 
Electrical  Code  says : 

"  Must  be  insulated  on  floors  or  base  frames,  which  must  be 
"  kept  filled  to  prevent  absorption  (jf  moisture,  and  also  kept  clean 
'*  and  dry.  Where  frame  insulation  is  impracticable,  the  inspec- 
**  tion  department  having  jurisdiction,  may,  in  writing  permit  its 
"  omission,  in  which  case  the  frame  must  be  permanently  and  ef- 
"  fectively  grounded.  A  high  potential  machine  which,  on  ac- 
"  count  of  great  weight  or  for  other  reasons,  can  not  have  its 
"  frame  insulated  from  the  ground,  should  be  surrounded  with  an 
"  insulated  platform.  This  may  be  made  of  wood,  mounted  on 
"  insulating  supports  and  so  arranged  that  a  man  must  always 
"  stand  upon  it  in  order  to  touch  any  part  of  the  machine." 

Now  the  City  Fire  Department  rules  cover  that  point  in  this 
manner. 

'•  Must  each  have  the  frame  ])ermanently  connected  to  ground 
"  unlet^s  surrounded  by  an  approved  insulating  platform  which 
*'  will  he  required  for  all  generators  of  over  300  volts.  Platform 
"  must  be  of  sufficient  size  to  prevent  personal  contact  with  gen- 
"  erators -except  from  platform." 

It  seems  to  me  they  are  synonymous. 

Mr.  Mailloux: — I  think  they  are  far  from  being  synonymous. 
The  national  rules  have  a  string  tied  to  the  permission  for  doing 
it  while  the  city  rule  says  distinctly  it  is  only  for  machines  of  a 
certain  potential.  It  brings  in  the  important  point  I  made  that 
the  question  whether  the  machine  should  be  grounded  or  not  de- 
pends upon  the  pressure  of  the  machine  which  is  to  be  installed. 
I  think  of  the  two  rules,  no  one  who  is  familiar  with  installation 
work  will  doubt  or  dispute  that  the  city  rule  is  much  the  more 
logical,  consisteiit  and  perfect. 

Mr.C.  M.  Goddard  : — They  say  that  faint  heart  never  won  fair 
lady.  I  suppose  the  fair  lady  we  are  after  to-night  is  uniformity 
of  rules.  There  does  not  seem  to  be  any  difference  of  opinion  on 
the  subject  that  uniformity  of  rules  is  an  extremely  desirable 
thing.  We  never  shall  get  uniformity  by  discussing  the  details 
of  the  rules  in  a  meeting  like  this  to-night.  I  have  been  very 
closely  connected  with  this  matter  of  rules  as  far  as  the   under- 
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writers  are  conceroed,  and  for  the  last  seven  years  I  have  labored 
as  best  I  could  to  secure  uniformity  of  rules  among  the  under- 
writers. I  do  not  believe  there  are  many  gentlemen  here,  except 
those  who  have  been  connected  with  the  T^ational  Conference^ 
who  realize  the  difficulty  that  we  had  to  secure  such  uniformity 
among  the  underwriters.  It  was  worse  really  than  the  effort  to 
secure  uniformity  among  all  the  different  interests  that  are  con* 
nected  with  electric  installations.  There  are  a  great  many  more 
independent  boards  of  underwriters,  than  there  are  national  asso- 
ciations which  have  been  working  on  these  rules,  and  every  board 
of  underwriters  had  its  own  code  of  rules.  Of  course  some  of 
them  agreed  and  some  of  them  did  not,  and  we  had  to  get  to* 
gether  and  the  majority  had  to  win  the  day,  the  minority  bad  to 
yield.  There  are  portions  of  these  rules  that  I  do  not  agree  with 
at  all.  They  are  not  very  essential  points,  but  there  are  many 
things  in  the  rules  that  I  would  like  to  see  changed,  and  in  our 
meetings  of  the  delegates  we  discussed  those  points  and  I  did  my 
best  to  get  them  changed,  but  if  I  was  outvoted  that  ended  it  un- 
til the  next  meeting.  Thei*e  are  details  in  these  rules  to-day  that 
probably  we  shall  want  to  change  within  a  year.  There  are  un- 
doubtedly points  in  the  New  York  City  Fire  Department  rules 
that  are  better  than  these ;  but  you  cannot  put  them  into  the 
rules  at  this  meeting.  There  are  a  number  of  bodies  that  are 
connected  with  the  getting  up  of  these  rules  and  you  are  only  one 
of  them.  The  time  to  make  changes  is  when  we  have  our  next 
general  conference.  If  there  is  anything  wrong  with  these  rules 
it  is  sure  to  come  out,  and  we  are  sure  to  find  it  out  and  it  is  sure 
to  be  recognized  and  they  will  be  changed.  I  believe  that  the 
American  Institute  of  Electrical  Engineers  to-night  has  an 
extremely  important, — I  was  going  to  say  duty,  I  will  call  it  func- 
tion, to  perform.  I  would  rather  see  these  rules  approved  by 
this  Institute  than  by  any  of  the  other  bodies  represented  in 
the  Conference,  and  I  do  not   mean   with  any   string  to  the  ap 

froval  either.  I  want  to  see  Dr.  Kennelly's  motion  go  througn. 
want  the  American  Institute  of  Electrical  Engineers  to 
take  a  stand  one  way  or  the  other,  and  either  say  that  they  will 
or  that  they  will  not  approve  the  rules.  I  do  not  want  them  to 
say  that  they  approve  6i  uniformity.  Of  course  we  all  approve 
of  uniformity.  We  will  never  get  uniformity  unless  we  have 
something  to  start  with.  You  have  got  a  set  of  rules  here  which 
represent  the  best  efforts  of  delegates  who  were  supposed  to  be 
competent  to  represent  the  various  national  bodies  which  were 
collected  together  in  the  National  Conference  on  Standard  Rules. 
I  have  some  personal  knowledge  of  the  amount  of  labor  that 
these  gentlemen  put  into  this  work.  The  rules  were  submitted 
and  re-submitted,  they  were  studied  over  and  worked  over.  The 
wording  of  them  has  been  worked  over  and  studied  over  and  they 
have  done  the  best  they  could.  They  believe  they  present  some- 
thing to  you  to-night  that  is  better  than  anything  that  has  been  ^ce- 
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sented  to  you  before.  I  think  these  gentlemen  here  present 
believe  that.  They  do  not  believe  it  is  perfect,  tney  do 
not  say  it  is  perfect,  but  they  do  believe  it  is  a 
step  in  the  right  direction,  and  that  we  have  got  to 
take  that  step  before  we  will  ever  advance  a  second  step,  and 
I  hope  that  the  Institute  to-night  will  take  these  rules  as  they 
are,  and  not  go  into  the  details  unless  they  find  glaring  errors  and 
I  do  not  believe  they  can  find  those.  I  do  not  believe  that  there 
are  any  glaring  errors  in  these  rules  ;  if  there  were  they  would 
certainly  have  been  discovered  by  some  of  the  representatives  who 
have  been  at  work  on  them,  they  would  have  been  discovered 
when  they  were  presented  to  the  National  Electric  Light  Associ- 
ation. I  am  sure  that  we  will  get  nearer  to  uniformity  by  adopt- 
ing the  rules  which  have  come  from  the  representatives  of  these 
nine  national  associations  connected  with  electrical  work,  than  we 
can  by  accepting  any  other  one  set  of  rules  whether  it  be  that  of 
the  New  York  City  Fire  Department,  or  the  Phcenix  Fire  Office 
of  England,  or  whatever  they  are.  I  believe  that  your  delegate 
to  the  Conference  presents  to  you  here  to-night  a  set  of  rules 
which  is  in  advance  of  any  other  as  a  whole,  and  I  believe  that 
the  gentlemen  here  present,  if  they  would  study  these  rules  and 
were  as  familiar  with  them  as  I  am,  and  I  think  I  can  say  advis- 
edly that  I  do  not  believe  there  is  anvbodv  that  is  more  familiar 
with  them  ;  I  have  read  the  proof  of  these  rules  at  least  ten  times 
during  their  printing,  besides  having  seven  years  experience  on 
the  previous  rules,  working  on  them  as  Secretary  of  the  Under- 
writers Association — if  they  were  as  familiar  with  these  rules  as 
they  might  be,  they  would  find  that  these  diflferences  which  they 
claim  exist,  could  be  explained  away  in  just  the  same  way  that 
Mr.  Hammer  has  explained  the  difference  between  the  New 
York  City  rules  and  the  National  Code  in  regard  to  the  ground- 
ing of  generator  frames.  The  Inspection  Department  having 
jurisdiction — which  is  it?  What  is  it?  If  it  is  in  New  York 
City  it  may  be  the  Fire  Department  of  New  York  City,  it  does 
not  say  the  Underwriters'  inspection  department,  it  says  '•  the  in- 
spection department  haying  jurisr/icfion,^^  Tlie  National  Code 
gives  permission  to  the  inspection  department  having  jurisdiction 
to  allow  the  omission  of  frame  insulation  if  you  find  it  impractic- 
able. I  think  that  any  man  would  feel  that  it  was  imprac- 
ticable to  disobey  a  city  ordinance.  The  New  York  City  Fire 
Department  rules  say  you  must  ground  your  generator,  and  the 
National  Code  says  you  ?nai/ — there  are  reasons  from  the  under- 
writers'standpoint  why  if  a  generator  can  be  insulated  from  the 
ground  we  prefer  it,  but  we  realize  perfectly  the  absolute  impos- 
sibility of  the  direct-connected  machines,  the  heavy  machines  not 
being  grounded.  It  would  be  worse  than  if  they  were  grounded, 
and  air  we  say  is  in  such  cases,  ground  them,  and  ground  them 
THOROUGHLY.  I  do  not  bcHeve  you  will  find  so  many  differences 
in  the  rules  as  you  may  think  on  the  first  reading,  and  I  do  hope 
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that  whatever  the  Institute  does  to-night,  the  membei*8  will 
come  out  fairly  and  frankly  and  say  either  yes  or  no. 

Dr.  Gary  T.  Hutchinson  : — I  think  the  last  speaker  ignores 
the  entire  diflEerence  between  the  position  of  the  Institute  and 
that  of  the  underwriters.  It  is  the  function  of  the  underwriters 
to  secure  the  greatest  possible  safety  in  all  work,  so  as  to  diminish 
as  far  hs  possible  the  fire  risks  and  the  consequent  losses ;  that  i^, 
the  interest  of  the  body  is  chiefly  one  of  dollars  and  cents.  The 
Institute,  however,  should  take  a  broader  position,  and  should 
concern  itself  with  the  engineering  features,  and  should  not  en- 
dorse any  plan  which  involves  bad  engineering,  even  though  it 
may  seem  to  increase  the  safety  of  the  work. 

I  agree  with  the  previous  speaker  in  saying  that  these  rules 
should  receive  the  approval  of  the  Institute,  yet  I  think  this  ap- 
proval should  be  qualified  by  some  form  of  recommendation,  lead- 
ing to  the  modification  of  certain  rules,  which  I  think  involve 
unwise  limitations  on  the  engineering  puints,  without  any  corre- 
sponding increase  in  the  security  of  the  work.  To  illustrate,  rule 
12,  section  n^  provides,  'For  the  diminution  of  electrolytic  cor- 
rosion of  underground  metal  work,  ground  return  wires  must  \\q 
so  arranged  that  the  difference  of  potential  between  the  grounded 
dynamo  terminal  and  any  point  on  the  return  circuit  will  not 
exceed  26  volts." 

As  this  rule  stands,  no  engineer  will  be  permitted  to  lay  out  a 
trolley  system  involving  a  maximum  loss  of  more  than  b%  in  the 

{ground  return.     It  seems  to  me  obvious  that  this  is  an   unwise 
imitation,  and  is  entirely  too  sweeping  in  its  scope. 

Rule  39.  Section  a,  reads,  "Secondary  wires  nmst  be  installed 
"under  rules  for  high  potential  systems  when  their  immediate  pri- 
"  mary  wires  carry  a  current  at  a  potential  of  over  3000  volts." 
This  rule  refers  to  what  are  classed  as  extra  high  potential  sys- 
tems, that  is,  over  3000  volts  in  a  primary.  Under  this  rule 
when  direct  transformation  is  made  from,  say,  35o0  volts  to 
anything  below  300  volts,  the  secondary  wires  must  be  run  on 
porcelain  insulators,  separated  at  legist  four  inches  and  in  plain 
sight.  This  practically  prohibits  the  use  of  such  secondary 
wires  in  any  building. 

The  only  alternative  is  to  make  a  double  change  from  the  3500 
volts,  or  wliatever  it  may  be,  to  the  secondary  ;  that  is,  to  install  two 
sets  of  transformers.  This  would  involve  a  very  considerable  in- 
crease in  cost,  would  sometimes  require  space  which  is  not  avail- 
able, and  would  greatly  increase  the  complication  of  the  sys- 
tem. 

The  explanation  following  this  rule  indicates  that  it  was  framed 
to  apply  chiefly  to  danger  from  lightning  striking  the  high  pres- 
sure overhead  wires.  It  does  not  seem  that  underground  circuits 
were  considered  at  all,  yet  it  is  plain,  the  rule  would  apply  to  high 
pressure  underground  feeders  run  in  conduits.  The  rule  amo 
implies  that  the  insulation  of  the  transformers  is  the  weakeati^«xt 
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of  the  Bjstem  ;  whereas  at  the  present  day,  I  think  that  most 
engineers  would  agree  with  me  in  saying  tnat  the  insulation  of 
the  transformers  is  the  strongest  part  of  the  system. 

The  engineering  plan  excluded  under  this  rule,  is  now  in  use  in 
almost  all  of  the  high  pressure  plants  in  the  country.  For  instance 
at  Sacramento,  Portland,  Fresno,  Pelzer,  Columbia,  and  at  other 
places  that  I  do  not  now  recall.  Should  this  rule  be  adopted,  all 
such  work  would  be  prohibited. 

I  have  talked  with  several  members  of  the  Conference  regard- 
ing this  rule,  and  can  find  no  one  who  remembers  any  discussion 
on  it.     It  seems  to  have  escaped  the  notice  of  those  present. 

These  two  rules  illustrate  my  position  in  saying  that  the  Insti- 
tute should  not  endorse  bad  engineering.  I  have  no  doubt  that 
there  are  other  rules  of  similar  character.  I  think,  tlierefore^ 
that  Dr.  Kennelly's  motion  should  be  amended,  so  as  to  provide 
for  the  re-consideration  of  such  rules  as  these,  while  endorsing 
the  National  Electrical  Code  as  a  whole. 

The  Chairman  : — I  see  we  have  with  us  this  evening  Mr.  A. 
H.  Henderson,  Chief  Inspector  of  the  New  York  Fire  Depart- 
ment. May  we  hope  to  hear  from  Mr.  Henderson  in  further- 
ance of  the  discussion  ? 

Mr.  Alex.  Henderson  :-  -I  am  not  in  a  position  to  discuss 
these  rules  here  tp-night,  gentlemen.  I  did  not  expect  to  be 
called  on  to  take  any  active  part  in  the  discussion  this  evening. 
I  came  simplv  as  a  guest  of  the  Institute,  and  for  that  reason  1 
may  not  be  aole  to  ^o  very  thoroughly  into  detail.  There  is  ap 
parently  an  impression  that  there  is  a  vast  difference  between  the 
rules  recently  published  by  the  Fire  Department,  and  the  rules 
published  by  tne  National  Board — the  National  Electrical  Code 
which  we  are  now  discussing.  As  I  understand  the  matter,  I  do 
not  see  that  there  is  any  great  difference  between  the  two  sets  of 
rules.  A  great  deal  of  care  was  taken  in  drawing  up  the  munici- 
pal rules,  to  follow  the  principles  of  the  National  Electrical  Code 
and  to  so  express  those  principles  as  to  make  feasible  rules  and 
to  make  them  apply  to  the  work  that  is  being  done  in  New  York 
City,  realizing  that  no  set  of  rules  that  was  national  could  be  ap- 
plied locally  for  all  classes  of  work.  We  have  work  going  on  in 
New  York  City  that  requires  different  expressions  and  different 
interpretations  of  rules,  and  we  have  taken  the  old  national  code 
and  endeavored  to  interpret  it  and  amend  it  to  suit  the  require- 
ments of  to- day  in  New  York  City  only,  without  any  reference 
whatever  to  national  work,  or  work  in  other  sections  of  the  coun- 
try. I  do  not  think  that  the  municipal  authorities  have  any  de- 
sire to  do  anything  but  follow  the  principles  laid  down  in  the 
National  Electrical  Code.  If  there  was  any  evidence  of  any  such 
desire  I  should  certainty  be  one  of  the  first  to  combat  it,  because 
I  think  that  the  National  Electrical  Code  that  was  first  published 
in  1892  is  one  of  the  grandest  pieces  of  work  that  was  ever  put 
into  print  so  far  as  electrical  installation  is  concerned.      I  think 
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that  national  code  covers  tlie  entire  ground  in  a  wide,  broad  form, 
but  it  certainly  can  be  moditicd  and  can  be  amended  to  suit  local 
conditions.  I  do  not  think  that  the  frame  rs  of  the  code  intended, 
in  fact  I  am  positive  that  they  did  not  intend  the  code  as  printed 
to-day  to  cover  the  requirements  of  every  city  in  the  country. 
There  are  various  statements  that  you  find  in  it,  that  certain 
rules  must  be  left  to  the  decision  of  the  local  inspection  board  or 
local  boards  or  bureaus  having  jurisdiction. 

Mr.  Hammer  : — [  would  like  to  add  a  word  to  what  Mr.  Hen- 
derson lias  said.  A  similar  condition  of  affairs  existed  in  the  city 
of  Boston.  Captain  Brophy,  who  was  the  expert  of  the  Com- 
missioner of  Wires  there,  brought  up  before  the  Code  Committee 
of  the  National  Conference  certain  points  which  he  felt  their 
local  conditions  necessitated  taking  cognizance  of,  and  there  was 
quite  a  lively  discussion  for  some  time  upon  those  points  which 
Captain  Brophy  brought  up.  Mr.  Goddard  was  there  at  that 
meeting  and  he  will  appreciate  it.  And  finally  Captain  Brophy 
realized  that  the  question  of  recognizing  one  single  standard  code 
was  of  such  tremendous  importance  that  these  local  conditions 
need  not  affect  the  situation  at  all,  and  his  association  was  pre- 
pared then  to  recognize  the  National  Electrical  Code  and  the 
suggestions  governing  certain  local  points  there  were  put  in  as  an 
appendix  to  cover  points  which,  as  Mr.  Henderson  said,  are 
purely  local  conditions  which  they  have  to  deal  with  ;  and  it 
seems  to  me  that  should  be  done  here,  and  I  am  very  glad  to  hear 
Mr.  Henderson  express  himself  so  strongly  in  favor  or  the  recog- 
nition of  the  National  Electrical  Code,  because  [  think  that  the 
Fire  Department  will  also  recognize  the  National  Electrical  Code 
and  that  we  will  have  but  the  one  siuijle  code  here  in  New  York 
as  well  as  throughout  the  country.  It  is  only  a  shoit  time  ago 
that  we  had  four  or  five  of  them  here.  The  Edison  Illuminating 
Company  had  their  code,  and  they  had  their  own  inspection. 
Mr.  Fremont  Wilson  who  represented  an  independent  set  of  in- 
surance interests  adopted  the  National  Electric  Light  Association 
Code  and  used  that.  The  New  York  Board  here,  practically 
adopted  the  rules  of  the  National  Board  of  Fire  Underwriters. 
But  they  introduced  modifications,  making  *quite  a  different  code 
in  certain  respects,  and  then  the  City  Fire  Department  came  in 
as  a  new  element  with  its  set  of  rules,  so  that  there  were  four  or 
five  different  sets.  Now  it  is  self-evident  that  that  sort  of  thing 
introduces  immense  compHcations,  causes  immense  loss  of  time 
and  money,  and  much  inconvenience  and  annoyance.  Everyone 
here  must  recognize  that  this  code  is  not  absolutely  perfect,  but 
we  must  stick  to  the  main  point  which  is  the  recognition  of  some- 
thing that  will  represent  uniformity  and  he  the  standard  code; 
and  I  think  that  Mr.  Goddard  and  the  insurance  men  here  will 
support  me  in  stating  that  anyone,  whether  he  is  an  electrical 
man  or  an  insurance  man,  or  represents  any  allied  industry,  who 
desires  to  bring  his  recommendation  or  criticisms,  before  those 
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who  will  hereafter  control  the  future  editions  of  the  National 
Code,  will  receive  respectful  attention,  and  if  I  am  not  mistaken 
Mr.  Goddard  said  a  little  while  ago  ''they  are  bound  to  receive 
recognition."  I  do  not  think  there  is  any  doubt  of  that.  1  am 
very  glad  this  discussion  has  taken  place,  because  the  matter  was 
taken  up  at  our  meeting  at  Greenacre,  Maine,  and  as  there  was  a 
comparatively  small  attendance  thereat  the  time.  Dr.  Crocker  and 
myself  and  others  objected  to  its  being  discussed  at  that  meeting 
and  requested  that  the  matter  be  deferred  to  a  special  meeting 
here  in  New  York  City,  in  (»rder  that  no  one  might  feel  that 
there  was  an  attempt  to  force  this  thing  down  anyone's  throat, 
but  that  it  should  be  thoroughly  discussed  and  that  the  Institute 
would  act  only  after  an  intelligent  discussion  of  the  subject. 

Mr.  Goddard  : — Mr.  ('hairman, — I  would  say  one  word  in  re- 
ply to  what  Mr.  Hammer  has  said  in  relation  to  the  meeting  of 
the  Underwriters  Association.  The  Electrical  Committee  of  the 
Underwriters  Association  is  composed  of  twelve,  I  think,  but  if 
any  of  you  attended  our  meetings  you  would  not  know  there 
was  any  committee.  "We  ut'Ually  have  from  forty  to  fifty  present 
at  the  meetings,  and  never  in  the  five  years  that  the  association 
has  been  in  existence  and  the  Electrical  Committee  been  meeting 
have  we  taken  a  vote  of  the  commitUe,  Every  gentleman  who 
is  present  is  given  the  full  privileges  of  the  floor  and  of  voting. 
It  has  not  been  confined  to  the  underwriting  interests,  as  Mr. 
Henderson  of  the  New  York  City  Fire  Department  and  Mr.  Cole 
of  the  Boston  Wire  Department,  and  Mr.  Stern  of  IJenver,  and 
Mr.  Haskins  of  Chicago,  have  been  present  at  those  meetings  and 
taken  part  in  the  discussion  and  voted  just  the  same  as  tnough 
they  were  members  of  the  committee,  and  we  should  be  glad  to 
see  every  member  of  the  Institute  at  our  meetings,  and  if  you 
will  all  come  we  will  manage  to  find  a  room  big  enough  to  hold 
you.  I  do  not  suppose  you  all  will  come.  I  wish  more  would 
come.  It  is  certain  that  for  our  December  meeting,  invitations  will 
be  sent  in  some  way  to  all  of  the  societies  which  have  been  rep- 
resented in  the  National  Conference  to  be  present  at  the  meet- 
ing of  the  committee  and  to  take  part  in  the  discussion  and  in 
the  voting.  They  will  undoubtedly  be  accorded  the  full  privi- 
leges of  the  committee,  and  that  is  the  time  to  make  changes  in 
the  rules  You  cannot  do  it  here  That  is  the  time  to  bring  up 
the  different  points  in  the  rules.  It  is  usually  done  by  taking 
the  rules  up  section  by  section.  We  start  at  the  beginning,  and 
we  read  the  first  section  and  ask  if  there  are  any  suggestions  or 
improvements  to  be  made  and  go  right  through  the  rules  one 
after  another  in  that  way,  and  we  have  done  that  year  after  3'ear 
for  the  last  five  years,  and  it  was  the  result  of  these  amendments 
or  changes  being  hitched  onto  the  different  rules  that  made  the 
re- codification  of  the  rules  necessary,  and  that  alone  has  been 
worth  all  the  work  that  has  been  put  into  the  whole  conference. 
Uniformity  is  worth  ail  the  work  that  we  could  ever  put  into  it. 
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Eat  the  recodification  is  worth  a  jB:reat  deal.  It  has  bronght  the 
rules  up  to  date  so  that  they  are  intelligible  and  up  to  the  present 
practice  in  electric  installations.  But  every  gentleman  here  may 
rest  assured  that  he  will  be  welcome  at  our  next  December  meet- 
ing. We  hope  not  to  make  many  changes  then  in  rules  that  have 
been  issued  such  a  short  time,  but  any  important  changes  that  are 
called  for,  of  course  will  be  made,  and  the  gentlemen  will  be  wel- 
come to  discuss  the  rules  and  to  vote  on  the  changes,  and  there 
are  enough  members  of  the  Institute  to  outvote  the  twelve 
members  of  the  Klecirical  Committee  of  the  Underwriters  I  am 
sure. 

Mr.  S.  Dana  Greene: — It  seems  to  me  that  Dr.  Hutchinson 
has  indicated  the  proper  course  for  the  Institute  to  take  with 
reference  to  these  rules.  As  he  says  1  do  not  think  anyone  will 
dispute  with  the  other  gentleman  who  has  spoken  as  to  the  tre- 
mendous advantage  in  having  one  uniform  set  of  national  rules 
recognized  by  the  various  underwriters'  associations  as  well  as 
by  engineers  and  manufacturers.  But  I  do  think  that  the  Ins- 
titute should  have  a  proper  regard  for  itself  with  respect  to 
technical  points,  and  that  some  action  should  be  taken  by  it  to 
study  the  rules  from  the  engineering  standpoint  to  see  whether 
they  have  any  recommendations  to  make  lor  changes.  I  quite 
agree  with  Mr.  Ooddard  that  it  is  impossible  to  take  rules  which 
are  as  extensive  as  these,  and  which  have  taken  so  long  to  pre- 
pare as  these  — to  take  them  in  one  night  or  a  couple  of  days  and 
be  able  to  discuss  them  intelligently.  But  I  think  that  the  point 
raised  by  Dr.  Hutchinson  with  reference  to  high  potential  cir- 
cuits is  very  well  taken,  and  that  neither  the  engineer  nor  the 
manufacturer  interested  in  the  high  potential  power  transmission 
installations  of  to-day  is  worried  about  the  insulation  of  the  trans- 
former, lie  worries  less  about  that  than  about  any  other  part  of 
the  line,  and  it  seems  a  very  great  hardship  on  a  company  in- 
stalling the  transmission  line,  that  it  should  be  obliged  either  to 
observe  all  the  precautions  of  high  potential  wires  on  the  second- 
ary circuits  or  else  introduce  a  double  loss  by  introducing  another 
set  of  transformers.  I  am  not  clear  as  to  whether  the  National 
Conference  is  to  be  continued  as  a  body  to  which  suggestions  and 
recommendations  can  be  made  for  the  changing  of  these  rules, 
and  I  should  be  very  glad  to  have  some  information  on  that  sub- 
ject. It  seems  to  mc,  however,  that  it  is  the  duty  of  the  Insti- 
tute, while  approving  these  rules  as  they  stand,  so  that  they  may 
be  passed  upon  officially  by  the  Institute,  to  appoint  a  commit- 
tee of  competent  engineers  to  study  these  rules  carefully  so  that 
they  can  suggest  any  modification  which  from  the  engineering 
standpoint,  should  be  in  the  opinion  of  the  Institute  adopted, 
and  if  the  National  Conference  is  to  be  a  continuing  body  to 
which  suggestions  of  that  kind  can  be  made,  I  should  lilie  to 
make  a  motion,  if  it  is  in  order,  that  a  committee  of  that  kind  be 
appointed  to  study  the  rules  and  to  make  such  recommendations 
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at  a  later  meeting  as  they  see  fit.  I  move  that  as  an  amendment, 
that  the  rules  be  approved,  and  that  a  committee  be  appointed 
simultaneously. 

Mr.  Hammer  : — I  suppose  it  is  necessary  in  this  connection  to 
answer  Mr.  Greene's  question  about  the  Conference  and  also  to 
explain  the  first  pages  in  the  special  edition  of  the  code,  and  the 
fact  that  it  is  printed  as  a  special  edition.  When  the  National 
Conference  met  in  this  room  it  held  a  session  of  two  days  and 
then  adjourned,  leaving  the  matter  of  the  preparation  of  the  code 
in  its  final  shape  in  the  hands  of  a  code  committee  of  seven,  with 
the  President,  ex-officio,  a  member  of  that  committee,  and  they 
were  to  report  back  to  the  Conference,  and  a  motion  was  made 
that  the  date  of  the  calling  together  of  the  Conference  should  be 
left  to  the  discretion  of  the  President.  The  Code  Committee 
represented  the  principal  associations  that  are  represented  in  the 
National  Conference.  After  they  had  prepared  the  code  and  it 
had  met  with  their  unanimous  approval,  the  question  came  as  to 
the  advisability  of  calling  the  Conference  together  as  a  body.  If 
you  will  look  over  the  list  of  names  that  are  given  there  of  those 
who  attended  the  previous  meetings  of  the  Conference,  you  will 
see  that  they  came  from  all  over  the  United  States.  To  have 
called  those  gentlemen  together  again  would  have  necessitated  a 
good  deal  of  inconvenience  and  time,  merely  to  receive  the  re- 
port of  the  Code  Committee  and  practically  endorse  their  findings, 
which  undoubtedly  would  have  been  done.  After  consulting  the 
various  gentlemen  who  attended  the  meeting  of  the  Conference 
it  was  decided  that  it  would  be  unnecessary  and  inadvisable  to 
call  the  Conference  together  as  a  body,  and  the  code  was  then 
published  by  the  National  Board  of  Fire  Underwriters  and 
through  its  courtesy  the  facilities  of  its  printer  were  extended 
to  the  National  Conference  on  Standard  Electrical  Rules 
and  this  special  edition  was  printed,  in  order  that  those  who 
took  part  in  the  Conference  and  particularly  those  who  contri- 
buted financially  to  assist  its  work,  should  know  what  was  done 
with  the  money  that  was  approf)riated,  and  in  order  to  bring  to  a 
satisfactory  conclusion  the  work  of  the  C'onference,  the  special  edi- 
tion of  the  code,  also  includes  the  reports  of  the  ofticers  and  Code 
Committee,  together  with  a  list  of  those  who  toc)k  part  in  the 
Conference,  and  it  has  been  understood  among  the  members  of 
the  Code  Committee  and  others  who  have  discussed  the  subject, 
that  it  was  inadvisable  to  call  the  (-onference  together  at  any  time 
in  the  immediate  future;  we  felt  matters  could  be  safely  left  in 
the  hands  of  the  Mational  Board  of  Fire  Underwriters  on  condi- 
tion that  they  would  do  as  they  said  that  they  positively  would  do, 
throw  their  meetings  open  to  anyone  who  has  any  interest  in 
criticising  and  discussing  and  improving  the  National  Code,  and 
that  at  any  time  in  the  future,  whether  it  be  near  or  far,  if  the 
occasion  should  arise  when  it  would  seem  to  be  advisable  to  call 
together  the  National  Conference  again,  that  these  various  associ- 
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ations  would  be  agaio  called  togetlier  to  take  further  action. 
Personally,  as  the  presiding  officer  of  the  National  Confer- 
ence, I  do  not  believe  that  that  will  he  necessary,  and  it  seems  to 
me  that  matters  should  be  left  to  stand  as  it  has  seemed  best  in 
the  judgment  of  the  gentlemen  identified  with  the  Conference  to 
allow  them  to  stand,  and  therefore  I  do  not  think  that  the  mem- 
])ersof  the  Conference  expect  to  be  called  together  or  will  be 
called  together  in  the  immediate  future,  and  if  this  proposed 
committee  is  appointed,  which  1  think  is  an  admirable  suggestion 
of  Mr.  Greeners, — their  recommendations  should  be  made  to  the 
National  Board  of  Fire  Underwriters. 

The  Chairman  : — Before  having  any  further  discussion  on  Mr. 
Greene's  amendment  I  would  like  to  ask  if  Mr.  Greene's  motion 
has  been  seconded. 

Mr.  Hammer  : — I  would  like  to  second  that  motion,  in-so-far 
as  it  relates  to  the  appointment  of  the  committee,  if  he  would 
make  that  as  a  separate  motion. 

The  Chairman  : — As  1  underetand  it,  Mr.  Greene  offers  an 
amendment  to  the  original  motion,  which  has  been  seconded  by 
Mr.  Hammer,  that  the  code  of  rules  as  presented,  be  received  and 
adopted  by  the  Institute  and  that  a  committee  be  appointed  from 
the  Institute  to  receive  suggestions  as  to  desired  modifications 
of  the  rules,  that  committee  to  report  to  the  National  Conference 
or  the  National  Board  of  Fire  Underwriters  at  their  next  meet- 
ing. 

Mr.  Greene  : — You  have  not  got  my  motion  quite  right,  Mr. 
Chairman  if  you  will  excuse  me.  My  suggestion  was  that  this 
committee  should  be  a  committee  of  the  Institute  to  report  to 
the  Institute  as  to  whether  it,  the  Instititte,  should  recommend 
any  changes  in  these  rules :  if  so,  that  the  changes  should  be 
made.  In  making  that  motion  I  asked  the  question  which  Mr. 
Hammer  has  now  answered,  whether  the  National  Conference 
was  a  continuing  body,  and  it  seems  to  me  that  that  was  an  \\\\- 
portant  part  of  the  proceedings  here  to-night.  If  the  rules  which 
have  been  formulated  by  the  National  Conference  consisting  of 
nine  associations,  of  which  the  National  Board  of  Fire  [Under- 
writers is  one,  are  to  be  adopted,  it  seems  to  me  that  thatorirani- 
zation  should  be  continued,  to  consider  any  possible  modifica- 
tions, because  it  hardly  seems  proper  that  the  National  Board  of 
Fire  Underwriters,  however  good  their  intentions  may  be,  and 
however  competent  they  may  be  to  revise  these  rules,  should 
have  sole  say  with  reference  to  their  revision,  when  they  have 
been  adopted  and  passed  upon  by  eight  other  national  organiza- 
tions, as  well  as  the  Underwriters'  Association.  It  does  seem  to 
me  therefore  that  the  National  Conference  should  be  kept  intact 
as  a  body,  and  that  it  should  be  called  together  periodically,  or 
whenever  occasion  requires,  by  the  President  of  the  Conference; 
and  I  move  an  amendment  to  Dr.  Kennelly's  motion,  that  the 
rules  be  approved  by  the  Institute  as  a  whole,  and  tliat  a  com- 
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mittee  be  appointed  by  the  Council  to  report  to  the  Institute  at 
a  future  meeting  any  revisions  which  in  their  judgment  are  de- 
sirable, and  which  should  be  recommended  to  the  body  originat- 
ing and  formulating  the  rulet?. 

Mr.  Mailloux  : — I  would  like  to  move  an  amendment  to  Mr. 
Greene's  motion  by  inserting  after  the  word  *'  approved;"  the  fol- 
lowing sentence:  "  In  the  sense  suggested  in  Dr.  Crocker's  report.'^ 

Mr.  Greene: — I  accept  Mr.  MailJoux's  amendment,  and  I  would 
like  to  say  with  Dr.  Crocker  that  all  that  was  'necessary  is  that 
the  Institute  should  approve  the  code  as  representing  uniformity 
and  co-operative  action.  I  think  that  is  what  Mr.  Mailloux  had 
in  mind. 

Mr.  Sachs: — Mr.  Chairman, — The  main  function  of  a  set  of 
rules  is  to  set  down  certain  principles  and  not  to  dictate  the 
style,  quality  or  economy  of  the  construction  adopted.  It  is  ut- 
terly impossible  to  codify  all  the  various  views  of  those  interes- 
ted, in  regard  to  each  specific  class  and  style  of  construction. 
Each  parcicular  type  of  construction  or  installation  work  may  be 
governed  by  certain  essential  considerations.  This  code  for 
instance,  has  been  evolved  by  representative  men  who  are  thor- 
oughly familiar  with  the  needs  of  the  day.  One  of  our  own 
roost  prominent  members,  in  fact  our  President,  has  represented 
this  Institute,  and  I  think  that  he  has  been  most  thoroughly 
competent  in  the  discharge  of  his  duties.  Notwithstanding  this 
fact,  when  it  comes  to  the  question  'whether  these  rules  agree 
with  all  the  other  national  rules,  we  will  find  that  they  certainly 
do  not.  While  perhaps  certain  lines  are  followed,  yet  there  are 
details  which  may  modify  the  basic  idea  in  the  wrong  direc- 
tion. The  desired  code  must  be  safe,  but  not  essentially  econom- 
ical, or  in  keeping  within  any  specific  construction  ideas.  As  Mr. 
Goddard  has  said,  these  rules  are  not  infallible.  They  contain 
elements  that  he  himself  does  not  in  fact  think  are  correct.  But 
they  give  us  to  a  great  extent  a  certain  basis  of  operation  which 
can  be  handled  and  moulded  afterwards  to  suit  general  conditions 
as  they  come  up.  A  uniform  code  throughout  the  country  can 
only  be  possible,  if  every  interested  body  adopts  the  same  basic 
law  which  may  be  modified  to  meet  specific  cases,  but  should  not 
be  changed  in  any  one  particular  case.  It  appeared  to  me  that 
some  of  these  possible  modifications  might  be  discussed  here,  but 
probably  this  work  can  best  be  done  by  a  conmiittee  as  sug- 
gested. 

Dr.  Hutchinson  : — Mr.  Greene's  amendment  implies  the  con- 
tinuing existence  of  this  National  Conference,  since  it  says: 
"That  the  Committee  shall  report  to  the  body  making  the  rules."- 
We  have  just  been  told  that  the  Conference  is  not  a  continuing 
body,  and  therefore,  it  seems  that  there  is  no  body  to  which  this 
committee  could  report. 

Mr  Hammer: — i  do  not  think  the  gentleman  has  been  told 
that.     If  within  a  week,  the  gentlemen   who  took   part  in  the 


1897.]  DISCUSSION  IN  NEW  YORK.  581 

National  Conference  decide  that  a  meeting  should  be  called,  as 
I  am  still  in  the  Chair,  I  should  feel  it  incumbent  upon  nie  to  call 
that  meeting  at  once,  and  if  a  report  of  that  kind  is  sent  to  the 
National  Conference,  it  would  certainly  come  before  myself  as 
President  or  before  Mr.  Woodbury  as  Secretary  and  be  submitted 
to  those  gentlemen  who  are  associated  with  the  National  Confer- 
ence, and  it  will  then  probably  be  sent  to  the  National  Board 
of  Fire  Underwriters — but  there  would  be  no  difficulty 
about  that,  nor  should  there  be  in  finding  out  where  it  could 
be  sent. 

The  Chairman  : — I  understand  then  that  that  National  Con- 
ference or  the  Code  Committee  of  it  is  still  in  existence  i 

Mr.  il  AMMER  : — The  National  Conference  on  Standard  Elec- 
ti  ical  Rules  has  never  been  dissolved.  It  has  as  yet  not  been 
called  together  for  that  purpose. 

The  Chairman: — I  think  that  is  a  sufficient  answer  to  Dr. 
Hutchinson. 

Dr.  Uuiohinson: — It  seems  to  me  that  the  re-assembling  of 
the  Conference  is  purely  a  matter  of  grace,  and  not  a  matter  of 
right.  Mr.  Greene's  amendment  would  imply  the  approval  of 
the  rules,  coupled  with  the  possible  opportunity  of  modifying 
them  when  the  Chairman  of  the  Conference  sees  tit  to  call  that 
body  together  again.  There  is  no  assurance  that  the  Conference 
will  meet  again. 

The  Chairman  : — I  understand  Mr.  Hnmmer  as  President  of 
the  Conference  to  say  that  he  would  be  prepared  to  call  a  meet- 
ing at  any  time. 

Mr.  Hammer  : — At  any  time  ;  within  a  week,  or  a  month  or  a 
year. 

Dr.  Hutchinson: — Understand  me,  I  do  not  oppose  the  ap- 
proval of  these  rules.  I  intend  to  vote  for  their  approval,  but  I 
wish  them  to  be  approved  in  sOch  a  way  that  the  Institute  will 
have  left  to  it  a  clear  and  definite  pian,  by  means  of  which 
certain  obnoxious  rules  can  be  modified.  I  think  the  appoint- 
ment of  this  committee  is  a  cumbersome  way  to  accotnplish  this 
object.  The  matter  should  be  left  in  the  hands  of  the  Council. 
I,  therefore,  think  Mr.  Greene's  amendment  inadvisable. 

Dr.  Kennelly  : — I  think  that  I  voice  the  general  sentiment  in 
saying  that  nearly  all  of  us  are  in  favor  of  adopting  the  report ; 
but  some  of  us  are  in  doubt  as  to  the  consequences  of  such  action. 
No  set  of  rules  can  be  perfect,  and  even  if  the  members  of  the 
Institute  were  appointed  to  frame  such  a  code  of  rules,  there 
would  no  doubt  be  dissentient  opinions.  The  approval  of  this 
code  of  rules  by  the  Institute  as  a  body  does  not  of  course  mean 
that  each  individual  rule  receives  the  unqualified  endorsement  of 
the  Institute.  Besides,  changes  in  rules  must  come  in  a  growing 
science  and  art,  such  as  ours,  and  we  may  reasonably  hope  that 
such  changes  will  steadily  eliminate  from  the  rules  all  reouire- 
ments  which  may  prove  to  be  imperfect  engineering.     1  hoije^ 
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therefore,  that  the  rules,  as  they  stand,  may  meet  with  the  heartj 
approval  of  the  members  at  the  present  time. 

The  Chairman  : — We  will  now  proceed  to  put  the  original 
motion  of  Dr.  Kennelly's  as  amended  by  Mr.  Greene  and  re- 
amended  in  part  by  Mr.  Mailloux.  Will  you  kindly  read  that 
motion. 

The  stenographer  read  the  amended  motion  as  follows : 

••  That  the  report  which  is  here  presented  be  adopted  by  the  Institute,  be 
spread  upon  the  minutes,  and  that  the  National  Electrical  Code,  as  it  is  here 
presentea  to  us  in  pamphlet  form,  be  printed  in  the  Transactions;  that  the  rules 
De  approved  by  the  Institute  as  a  whole,  in  the  sense  suggested  in  Dr.  Crocker's 
report,  and  that  a  Committee  be  appointed  by  the  Council  to  report  to  the  lysTi- 
TUTE  at  a  future  meeting  any  revisions  which  in  their  judgment  are  desirable  and 
which  should  be  recommended  to  the  body  originating  and  formulating  the 
rules." 

The  amended  motion  as  read  was  then  adopted. 

Mr.  Goddard  : — I  would  like  to  say  just  one  word  in  correc- 
tion of  what  Mr.  Hammer  has  said  in  s])eaking  of  the  National 
Board  of  Fire  Underwritei*s.  He  should  have  spoken  of  the  Un- 
derwriters' National  Electric  Association,  as  it  is  their  Electrical 
Committee  that  has  charge  of  the  rules  for  the  National  Board, 
and  it  might  perhaps  interest  the  members  here  to  note  that  three 
members,  Messrs.  Merrill,  Fitz  Gerald  and  French,  of  the  Code 
Committee  of  the  National  Conference,  are  members  also  of  our 
Electrical  Committee,  so  that  your  (^ode  Committee  al>\ay6  has  a 
pretty  good  representation  there,  and  if  we  attempt  to  do  any- 
thing that  is  yQvy^  very  bad,  I  think  Mr.  Hammer,  as  President 
of  the  Conference,  would  hear  of  it. 

Mr.  Hammkr: — Mr.  Chairman,  before  we  adjourn,  I  would 
just  like  to  say  one  word — I  intended  to  say  it  before,  and  that  is 
to  congratulate  the  [nstitutk  on  its  a])pointment  of  Dr.  Crocker 
as  Chairman  of  the  Code  Comniittee,  as  no  one  whether  connec- 
ted with  the  National  Conference  or  outside  of  it  can  appreciate 
his  disinterested  work  and  his  energy  and  ability  more  than  I, 
and  in  going  to  the  various  meetings,  held  in  New  York,  Boston 
and  elsewhere,  and  holding  conferences  with  him  on  many  occas- 
ions, I  have  been  in  a  position  fo  know  that  Dr.  (-rocker  has 
given  an  immense  amount  of  his  time,  and  sacrificed  his  personal 
mterests,  and  even  his  own  health  to  the  worries  and  anxieties  of 
this  code,  and  it  has  been  a  very  difficult  piece  of  work,  and  pos- 
sibly you  gentlemen  who  see  it  printed  in  this  shape  do  not  real- 
ize all  this.  A  great  deal  of  that  burden  has  fallen  on  the  Chair- 
man of  the  Code  Committee,  and  I  feel  that  it  is  no  more  than 
just,  to  say  this  at  this  time  in  approval  and  endorsement  of  the 
earnest  and  disinterested  efforts  ot  Dr.  Crocker  in   this  direction. 

Thk  Chairman  : — Gentlemen,  after  this  rather  lengthy  dis- 
cussion I  think  we  all  of  us  heartily  appreciate  the  efforts  that 
have  been  made  by  the  Institute's  representative,  and  I  should 
be  very  glad  to  entertain  a  motion  that  the  Institute  pass  a  vote 
of  thanks  to  Dr.  Crocker  for  his  work  in  this  direction. 

I  Mr.  Mailloux  rose.] 
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Mr.  Qoddabd  : — I  am  going  to  get  ahead  of  Mr.  Idailloux  on 
that,  becanse  I  stand  here  in  a  sort  of  dual  capacity  as  the  repre- 
sentative of  the  underwriters  as  well  as  a  member  of  this  Instfiutk, 
and  as  their  representative  1  feel  that  I  would  like  to  move  that 
the  Institute  extend  a  vote  of  thanks  to  your  delegate.  We 
would  like  to  do  it  ourselves.  We  have  found  him  always  ready 
to  meet  with  us  and  talk  with  us,  a  gentleman  and  a  scholar  in 
every  respect,  and  I  move  you,  sir,  that  the  Institute  do  extend 
to  Dr.  Crocker,  the  delegate  to  the  National  Conference  from 
this  Institute,  a  hearty  vote  of  thanks  for  the  labors  which  he 
has  bestowed  on  that  work  in  preparing  this  *' National  Electrical 
Code." 

Mb.  Mailloux  : — Mr.  Chairman,  I  would  like  the  privilege  of 
seconding  that  motion,  because  I  want  to  have  Dr.  Crocker  feel  that 
I  appreciate  to  the  full  limit  this  work,  even  though  I  claim  the 
privilege  of  having  opinions  of  my  own  which  may  differ  some- 
what from  his.  It  is  no  compliment  to  say  of  Dr.  Crocker  that 
he  has  done  this  particular  thmg  well,  because  he  does  well  every- 
thing that  he  does, — as  well  as  he  can,  earnestly  and  truly.  He 
is  known  to  all  of  us  as  a  hard  worker  and  a  man  whois  terribly  in 
earnest — perhaps  too  much  so— about  everything  he  does,  a  man 
without  fear  or  favor,  and  who  tries  to  do  his  "dead  level"  best,, 
every  time.  In  this  case  the  gratifying  reports  which  we  hear 
from  the  people  that  have  been  associated  with  him  in  this  work 
are  merely  a  corroboration  of  the  observations  we  have  made  our- 
selves in  relation  to  his  work,  and  I  want  to  testify  to  my  deep 
sense'of  appreciation  of  the  earnestness  and  thoroughness  he  has 
manifested  in  this  particular  work.  I  can  understand  the  diffi- 
culties Dr.  Crocker  has  had  to  contend  with  in  working  over 
these  rules.  I  have  been  troubled  by  indigestion  and  loss  of  sleep 
many  times  from  underwriters'  rules  and  I  have  to  do  with  them 
possibly  as  much  as  any  member  of  the  Instoute.  My  work  is  of 
a  character  that  brings  me  into  intimate  contact  with  them.  Con- 
sequently, I  can  appreciate  any  effort  that  is  made  to  improve 
them  and  any  good  work  that  is  done  in  behalf  of  better  rules. 
8o  that  I  think  I  have  certainly  had  good  opportunities  to  seethe 

food  work  he  has  done,  and  knowing  the  personal  character  of 
)r.  Crocker  so  well,  his  earnestness  and  devotion  and  zeal  in  any- 
thing that  he  undertakes,  I  feel  sure  that  no  comment  could  be 
too  eulogistic  or  too  full  of  praise  for  the  work  he  has  done  at 
this  time.  I  may  not,  at  present,  be  disposed  to  accept  all  his 
conclusions,  but  I  certainly  commend  his  efforts,  admire  his  ap- 
plication, and  applaud  his  ability  and  energy. 

The  Chairman: — Gentlemen,  you  have  heard  the  motion, 
which  it  gives  me  partictilar  pleasure  to  put,  that  the  thanks  of 
the  Institute  be  extended  to  Dr.  Crocker  for  his  able  and  excel- 
lent work  as  representing  the  American  Institute  of  Electrical 
Engineers  on  tne  Code  Committee.  Those  in  favor  please  say  aye. 
The  motion  was  carried  unanimously. 
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TtiE  Chairman: — Before  asking  for  a  motion  to  adjourn,  I 
hope  Dr.  Crocker  will  take  the  Chair  and  put  that  motion  him- 
self and  favor  us  with  any  remarks,  as  we  have  not  heard  from 
him. 

Dr.  Cekocker: — (In  the  Chair).      Gentlemen,   1  am   deeply 

frateful  to  you  for  your  very  hearty  expression  of  thanks  to  me. 
must  confess,  however,  that  it  is  somewhat  tinged  by  a  feeling 
that  the  action  taken  by  the  Institute  is  not  what  I  sliould  have 
liked  to  see  done.  1  am  sorry  to  Iiave  to  make  that  statement, 
but  I  feel  called  upon  to  do  so,  because  in  my  opinion  the  mat- 
ter deserved  l>etter  treatment.  While  in  my  own  report  I  said 
that  no  binding  adoption  was  called  for,  I  think  a  much  more 
clean-cut  approval  could  have  been  made,  hiven  now  1  do  not 
know  whether  the  Code  is  to  be  printed  in  the  Transactions. 

Mr.  Hammer:— Certainly. 

The  President  : — If  not,  I  should  certainly  suggest  a  motion 
that  it  should  be,  because  the  discussion  will  appear  in  the  Trans- 
actions and  I  think  the  Code  will  stand  comparison  with  the 
discussion. 

[  Adjourned  ]. 
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12  West  31st  Street. 

New  York,  Doc.  10th.  1897. 

Ralph  W.  Pope,  Esq.,  Sec'y.  Am.  Inst,  of  Eleg.  Enginkers, 

26  Cortlandt  St.,  New  York. 

Dear  Sir:— In  printing  the  report  of  the  meeting  at  wliicli  the  "National 
Electrical  Code  "was  discussed  and  af»proved  by  the  Institute,  I  trust  that 
cognizance  will  betaken  of  the  fact  that  in  a<ldition  to  the  six  Associations 
whose  names  were  given  as  having  already  approved  of  the  Code;  that  approval 
was  subsequently  given  by  the  three  (JJ)  remaining  organizations,  i.  e.,  the 
American  Institute  of  Architects,  the  American  Street  Railway  Association, 
and  the  American  Society  of  Mechanical  Engineers 

Respectfully  submitte«l, 

W-'ILLIAM  J.   HAMMER, 

President  of  National  Conference 

on  Standard  Electrical  Rules. 
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Discussion  in  Chicago. 

The  meeting  of  the  Western  members  of  the  American  Insti- 
tute OF  Electrical  Enuineers  was  called  to  order  in  the  Lecture 
Room  of  the  Armour  Institute  of  Technology,  Chicago,  III.,  on 
September  29th,  1897.  at  8  o'clock,  by  Vice-President  Stine. 
The  discussion  was  opened  with  Mr.  A.  S.  Ilibbard  in  the 
Chair. 

The  Chairman,  (  Mr.  Hibbard)  :  — Gentlemen,  we  have  for 
the  consideration  of  our  meeting  to-night  rather  an  im]>ortant 
matter  for  us  as  members,  and  for  all  of  us  who  are  interested  in 
wiring,  or  the  operating  and  installing  of  wires.  We  are  fortun- 
ate in  finding  in  these  rules  which  have  been  furnished  us,  tlie 
result  of  a  number  of  meetings,  which  have  been  held  during 
the  past  year,  arid  compiled  by  the  delegates  from  our  own  asso- 
ciation, from  the  American  Institute  of  Architects,  the  American 
Society  of  Mechanical  Engineers,  the  American  Street  Railway 
Association,  and  representatives  of  the  insurance  and  municipal 
interests.  There  are  a  great  many  rules  given,  but,  I  think  in 
reading  them  we  will  find  that  they  are  the  result  of  former  rules, 
modifications  in  many  instances,  and  showing  improvements  in 
many  others.  It  will  not  be  ix)ssible,  of  course,  in  the  limited 
time  of  this  discussion,  to  take  them  up,  one  by  one,  or  page  by 
page.  In  a  general  way,  however,  and  in  the  interests  of  the  va- 
rious members,  it  will  be  possible  to  consider  them. 

We  are  fortunate  in  having  at  our  meeting  to-night  one  of  the 
members  of  tlie  body  l)y  which  these  rules  were  formulated, — 
Mr.  W.  II.  Merrill,  of  the  Chicago  Underwriter's  Association.  I 
think,  after  we  have  heard  from  some  of  our  members  in  a  gen- 
eral way  on  the  subject,  it  will  give  us  all  a  great  deal  of  pleas- 
ure to  hear  from  him.  It  is  suggested  that  the  discussion  of  the 
subject  in  general  and  as  much  in  detail  as  our  various  tnembers 
may  wish,  will  be  begun  by  members  of  the  Institute.  It  is  in- 
teresting to  know  that  the  members  of  the  Institute  in  New 
York  are  taking  up  the  same  matter  to-night,  and  there  is  no 
reason  why  the  general  work  we  do  should  not  follow  the  line  of 
what  takes  place  there  this  evening.  I  would  like  Mr.  Pierce  to 
beo:in  the  discussion. 

Mr.  R.  II.  Pierce  : — I  did  not  expect  to  be  called  upon  to 
start  up  the  discussion,  for  I  have  not  taken  any  time  to  make 
special  preparation  for  it,  and  had  no  warning.  I  am  a  Uttle 
ashamed  to  acknowledge  that  I  have  not  followed  up  the  recent 
discussions  and  papers  that  have  been  written  on  this  subject. 
There  has  been  so  much  written  on  this  question,  and  everyone 
has  had  so  much  to  say  about  it,  that  I  really  got  tired  of  trying 
to  keep  posted  on  all  the  views,  and  just  whose  ideas  are  embod- 
ied in  the  recent  changes,  I  airi  sure  1  don't  know. 

I  think  I  am  hardly  the  one  to  start  the  discussion  to-night,  for 
the  reason  that  the  only  way  to  get  what  is  really  a  good  discussion 
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— that  is,  the  pros  and  cons  of  a  subject  of  this  kind,  is  to 
start  up  a  strong  spirit  of  antagonism  and  oppose  the  rules.  That 
would  awaken  the  champions  of  the  cause,  and  would  bring  out 
a  discussion.  I  have  in  the  past  put  myself  in  such  a  position 
that  I  could  not  consistently  play  the  role  of  an  opposer.  I  hope 
there  is  some  one  here  who  has  some  interest,  from  a  commercial 
point  of  view, — some  one  who  will  take  exception  to  parts  of 
these  rules,  because  we  have  a  good  champion  m  Mr.  Merrill  to 
bring  out  all  there  is  to  say  on  the  oiJier  side.  The  only  thing 
that  I  have  heard  agaiiit  the  rules  lately,  was  said  by  a  manufac- 
turer of  wire.  He  said  he  sold  but  very  little  of  his  highest 
gmde  of  wire,  because  the  rules  specify  a  long  list  of  wires,  and 
a  customer  who  wants  to  wire  a  building  is  told  that  he  must  use 
one  of  the  wires  designated  by  the  underwriters.  Instead  of 
stating  a  certain  make,  the  customer  simply  says  that  it  must  be 
a  wire  specified  by  the  underwriters.  This  gentleman  told  me 
that  as  a  result,  the  cheaper  grades  of  wire  have  become  still 
cheaper ;  that  they  make  them  as  cheap  as  they  can  be  made 
and  put  on  the  market,  and  on  account  of  tliis  demand  for  an  in- 
ferior product,  he  sells  more  inferior  than  high  grade  wire.  The 
moral  to  all  this  is  that  we  should  not  look  upon  the  iLlectrical 
Code  as  being  a  complete  speciiieation,  I  think  that  we  are  all 
very  glad,  those  of  us  who  have  occasion  to  draw  up  specifica- 
tions, to  have  something  which  governs  as  well  as  this  Code  does, 
all  branches  of  the  work  in  a  general  way.  It  is  only  a  few 
years  ago,  when,  in  writing  up  specifications,  nineteen-twentieths 
of  the  specifications  consisted  in  a  description  of  methods  and  de- 
vices necessary  to  secure  safety,  and  it  was  simply  covering  in  a 
poor  way  and  in  many  words  what  is  covered  in  a  very  good 
way,  and  in  a  few  words  in  this  Code.  Now,  instead  of  writing 
fifteen  or  twenty  pages  of  details,  we  simply  say:  "Such  and 
such  things  must  be  in  accordance  with  the  latest  edition  of  the 
National  Code." 

But  the  architect  and  the  man  who  wants  to  put  in  a  plant  or 
installation,  without  any  specifications,  simply  states  the  capacity 
of  his  plant  and  machinery,  how  many  lights  he  wants,  ana  then 
states  tnat  the  work  must  be  done  according  to  the  National  Code, 
and  thinks  he  has  done  the  whole  thing.  I  think  if  I  were  to 
make  any  criticism  at  all,  it  would  be  on  the  way  the  Code  is 
used ;  it  is  used  often  for  something  for  which  it  was  not  de- 
signed ; — that  is,  it  was  not  intended  to  take  the  place  of  specifi- 
cations. The  engineer  and  the  architect  are  supposed  to  take 
care  of  them.  If  I  understand  the  object  of  the  Code  it  is  to  se- 
cure safety  to  those  who  handle  and  use  the  electrical  energy, 
and  there  is  little  that  can  be  added  in  the  specifications  now  m 
the  way  of  securing  safety  excepting  in  the  selection  of  such  ma- 
terials and  methods  as  are  particularly  adapted  to  the  special 
conditions.  If  engineering  work  could  be  classified  so  that  we 
would  have  a  certain  number  of  cases  and  designate  them,  so  we 
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could  find  Case  No.  1  and  use  such  and  such  material,  Case  No. 
2,  use  so  and  so,  it  would  be  different.  But  it  has  been  my  ex- 
perience that  every  piece  of  work,  where  you  try  to  get  the  best 
results  for  the  least  money,  is,  to  a  certain  extent,  a  special  case. 
Whereas  the  Code,  of  course,  treats  every  kind  of  a  case  in  a 
general  way,  of  course  it  does  not  and  cannot  particularize  in 
tnese  special  cases.  This  may  be  a  small  point  to  dwell  upon, 
but  I  have  in  the  past  spoken  so  enthusiastically  of  the  Code  and 
acted  as  its  champion  among  central  station  men  and  others  whom 
its  requirements  have  hit  in  the  pocket,  that  I  have  not  left  very 
much  ground  on  which  to  stand  to  criticise  it.  I  hope  that  there 
jnay  be  some  one  here  who  has  given  the  matter  more  thought 
than  I  have,  and  who  will  start  a  discussion  which  will  bring  out 
the  views  of  both  the  friends  and  the  opponents  of  the  code. 

The  Chairman: — I  think  that  the  remarks  of  Mr.  Pierce 
have  brought  out  a  tangible  point  or  feature  which  underlies  all 
the  rules,  and  as  he  has  brought  up  one  point  of  criticism,  possi- 
bly Mr.  Merrill  will  help  us  out,  as  these  points  are  brought  up. 
If  he  can  answer  that  particular  point  now  and  some  other  point 
later  on,  as  it  shall  be  brought  up,  it  will  save  liis  time,  and  en- 
able us  to  take  it  up  while  it  is  fresh  in  our  minds. 

Mr.  W.  H.  Merrill  : — I  know  that  Mr.  Pierce,  as  the  author 
of  a  work  on  the  National  Electrical  Code,  and  also  as  the 
author  of  a  paper  on  this  topic  read  before  the  Northwestern 
Electrical  Association,  can  hardly  be  expected  to  start  out  and 
criticise  the  rules.  He  overlooks  the  fact,  however,  that  the  list 
of  wires  is  not  published  in  this  book.  The  rules,  as  he  states, 
were  formulated  solely  along  the  lines  of  promoting  safety,  and 
were  not  intended  to  cover  specifications  that  an  engineer  should 
be  called  on  to  supply.  The  rules  governing  safety  do  not  take 
into  consideration  whether  a  man  puts  in  a  machine  that  is  twice 
too  large  for  his  plant,  or  not.  Every  installation  needs  an  en- 
gineer m  addition  to  an  inspection  under  this  Code.  The  engin- 
eer may  do  the  inspector's  work,  but  the  inspector  cannot  do  the 
engineer's 

Mr.  a.  V.  Abbott: — The  tendency  of  civilization  is,  it  seems 
to  me  in  everv  direction  towards  specialization.  In  savagery 
each  man  supplies  his  own  wants  and  furnishes  himself  by  his 
own  labor,  with  all  that  he  needs.  With  the  progress  of  civili- 
zation, however,  the  time  soon  arrives  when  it  is  imposssble  for 
each  individual  to  supply  his  increased  diversity  of  wants,  and 
humanity  splits  into  divisions,  each  one  selecting  some  different 
line,  or  avocation,  and  becoming  therein  an  expert,  while  succeed- 
ing generations  elevate  the  particular  branch  to  a  higher  point 
than  the  majority  of  his  competitors.  Thus,  as  a  result  we 
presently  learn  to  depend  largely  upon  the  labors  and  efforts  of 
others  K)r  the  supply  of  our  multitudinous  desires.  In  no  di- 
rection is  this  tendency  more  marked  than  with  engineering.  It 
is  barely  20  years  ago  since  civil  engineers  were  the  only  members 
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of  the  profession,  whereas  now  the  art  has  been  sub-divided, 
and  electrical  engineers,  mechanieAl  engineers  and  sanitary  en- 
gineers share  the  honors  with  the  older  members.  Such  a  sub- 
division is  particularly  necessary  in  engineering,  for  during  the 
last  few  years,  the  scope  of  the  profession  has  broadened  to  such 
an  extent  as  to  make  it  impracticable  for  anyone  to  become  even 
a  partial  expert  along  all  lines.  This  is  markedly  the  case  in 
dealing  with  electricity,  for  in  electrical  lines  we  are  handling  a 
form  of  energy  that  is  comparatively  new,  one  in  which  experience 
is  exceedingly  limited.  It  is  a  particularly  subtle  and  elusive 
form  of  energy,  and  while  on  the  one  hand  these  very  qualities 
enable  it  to  be  handled  and  made  subservient  to  the  welfare  of 
mankind  in  ways  im practicable  with  other  forms  of  energy,  it  is 
on  the  other  hand  correspondingly  dangerous  and  difHcult  to  con- 
trol, and  liable  when  treated  in  an  ignorant  and  unskilful  manner 
to  do  a  correspondingly  greater  amount  of  injury.  However,  in 
this  respect  electricity  is  not  exceptional,  for  there  is  scarcely 
anything  employed  in  the  service  of  mankind,  which,  if  improp- 
erly used  or  ignorantly  treated,  is  not  prone  to  become  a  source 
of  danger.  This  is  markedly  the  case  in  medicine,  with  steam, 
with  explosives,  and  with  machinery  of  all  kinds.  The  fact  that 
electricity  has  been  so  recently  applied  and  that  its  introduction 
has  become  so  rapidly  widci^pread,  makes  it  particularly  neces- 
sary that  it  should  be  skilfully  ljan<lled  under  proper  rules  and 
restrictions,  and  for  this  reason  I  think  we  should  be  grateful  at 
the  present  time  for  the  care  and  pains  which  have  been  taken  in 
forming  a  code,  giving  such  rules  and  instructions  as  the  best 
present  experience  indiciites  advisable  in  dealing  with  this  form 
of  energy.  At  best  there  is  so  much  that  is  unknown  about 
electrical  installations  that  they  are  certain  to  become  sources  of 
extreme  hazard  if  they  are  not  introduced  in  the  best  and  most 
skilful  manner,  and  it  is  impossible  to  expect  that  the  mass,  even 
of  artisans,  will  understand  com])IeteIy  a  subject  that  fifteen  years 
ago  had  but  two  practical  ap])lications.  Men  in  active  life  find 
it  difficult  to  keep  pace  with  ordinary  events,  to  say  nothing  of 
thoroughly  acquainting  themselves  with  the  strides  which  have 
been  taken  by  electricity.  Now  the  best  experts  in  the  country 
have  taken  tne  matter  in  hand  and  have  here  formulated  a  Code 
80  simple  and  yet  comprehensive  that  ordinary  mechanics  can,  by 
strictly  following  the  same,  build  safe  electrical  installations. 
The  Code,  perhaps,  has  still  another  vocation,  for  we  are  aware 
that  in  all  classes  of  builders  and  constructors  there  is  a  tendency 
not  only  to  do  ignorant  work,  but  that  which  is  unscrupulous  as 
well.  We  are  acquainted  with  the  existence  of  builders  who 
take  contracts  at  such  prices  that  it  is  impossible  for  them  to  ful- 
fil them  without  either  loss  of  money  or  the  evasion  of  the  proper 
methods  of  construction,  and  unless  around  such  unscrupulous 
constructors  a  hedge  is  built  so  tightly  and  so  carefully  as  to 
prevent  them  from  thus  unscrupulously  introducing  defective 
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work,  the  public  is  bound  to  suffer ;  but  if,  from  time  to  time, 
such  a  set  of  rules  and  regulations  as  we  are  now  considering  be 
formulated,  and  if  it  be  adopted  with  so  strong  and  vigorous  pub- 
lic spirit  as  to  render  it  impracticable  for  unscrupulous  as  well  as 
itjcnorant  artisans  to  evade  the  same,  it  will  be  possible  to  obtain 
a  quality  of  work  and  grade  of  materials  which  sliall,  on  the  whole, 
be  best  suited  for  the  purpose,  and  will  in  the  long  run  greatly 
conduce  to  public  safety  and  convenience,  and  by  relieving  the 
public  mind  of  the  fear  of  danger  from  electrical  instiillations, 
will  operate  as  a  most  powerful  stimulant  to  the  further  expan- 
sion of  electrical  industries. 

I  am,  therefore,  of  the  opinion  that  while  perhaps  a  canvass  of 
the  Code  at  present,  and,  it  may  be,  a  revision  of  the  same  from 
time  to  time  in  the  future,  as  experience  shall  indicate  moditi- 
eations  to  be  desirable  is  advantageous,  the  important  duty  lying 
before  each  and  everyone  of  us,  is  to  take  this  Code  up  in  our 
daily  practice  and  by  all  the  weight  and  influence  in  our  power 
to  see  that  its  spirit  and  intention  are  carried  out  as  completely 
as  possible. 

Mr.  S.  (t.  McMekn  ; — Is  it  ex}>ected  that  this  meeting  of 
the  eastern  and  western  members  of  the  Institute,  be  the  time 
and  season  when  the  stamp  of  approval  will  be  placed  upon  the 
Code  if  at  all,  or  will  it  be  voted  upon  to-night? 

The  Chairman  : — (Mr.  IIibbard).  It  is  my  understanding, 
that  if  the  Code,  as  it  stands,  meets  with  the  approval  of  the 
meeting  here  and  in  New  York  to-night,  it  will  be  in  order  to 
recommend  its  adoption  by  the  Council  of  the  American  Insti- 
tute OF  Electrical  Engineers.  If  it  is  the  sense  of  the  meet- 
ing that  it  is  a  good  thing,  such  a  recommendation  will  he  made 
to  the  (/ouncil.  Our  President,  Dr.  Crocker,  who  was  a  delegate 
to  the  meetings  which  resulted  in  this  Code  and  rules,  made  a 
report  to  the  Institute  which  will  be  read  shortly.  He  endorses 
the  Code  and  gives  his  reasons  very  briefly  and  well,  and  he  un- 
doubtedly is  an  attendant  at  the  meeting  in  Xew  York  to-night. 
In  his  absence,  we  have  his  report,  which  we  will  hear  after  we 
have  had  a  little  more  discussion,  either  on  the  general  or  the 
more  specific  matters  relating  to  the  Code.  I  do  not  understand 
that  it  is  expected,  on  recommendation  of  a  Code  like  this,  that 
we  obligate  ourselves  to  never  vary  from  the  Code,  any  more 
than  that  we  never  vary  from  the  Golden  Rule,  and  several  other 
things  of  that  kind,  but  it  is  intended  as  showing  what  we  would 
recommend  and  desire  to  bring  about  in  our  own  work. 

Without  bringing  shop  matters  into  the  discussion  too  mnch,  it 
would  be  interesting,  I  am  sure,  to  hear  from  some  of  the  rail- 
road people  present.  We  would  like  to  know  how  a  set  of  rules, 
such  as  we  have  here,  appeals  to  a  trolley  man  as  applied  to  a 
trolley  road,  and  whether  he  feels  that  his  plant  is  improved  and 
benefited  by  them,  and  whether  they  are  reasonable  and 
right.      I  wish  also  that  we  might  have  an  expression  from  a 
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power  man,  one  representing  power  plants  of  some  kind.  There 
nas  been,  perhaps,  a  feeling  that  the  trolley  road  was  essentially 
a  new  thing,  and  while  it  has  been  improving  tremendously  in 
detail  during  the  past  five  years,  it  has  been  extending  so  fast 
many  of  us  have  felt  that  its  management  frequently  either 
had  not  the  time  to  look  into  details  and  keep  off  its  neighbor's 
toes,  or,  perliapQ,  did  not  want  to,  and  failed  to  recognize  reason- 
able rules  designed  to  curb  and  govern  them.  Other  people,  I 
am  sure,  feel  that  such  regulation  is  beneficial.  Whether  the 
trolley  road  representatives  feel  that  way  or  not  they  can  say 
better  for  themselves. 

Mr.  R.  E.  Richardson  : — I  do  not  know  as  I  can  sav  much  on 
that  subject,  although  I  have  given  considerable  thought  and  at- 
tention to  it  in  connection  with  insurance  risks,  etc.  I  believe 
we  will  all  agree  that  the  best  thing  that  has  been  done  in  the 
way  of  insurance  rules  in  regard  to  trolley  wires,  was  the  making 
of  the  nile  which  absolutely  prohibits  the  carrying  of  a  street 
railway  circuit  into  buildings,  and  using  this  current  for  motors 
or  lighting,  which  necessitated  a  ground  in  the  building.  It  is  to 
my  mind  the  very  best  thing  in  an  individual  rule  that  the  elec- 
trical underwriters'  fraternity  ever  made  in  taking  the  ground 
circuits  of  a  high  pressure  current  out  of,  or  preventing  them 
from  going  into  buildings. 

There  is  one  thing  which  crosses  my  mind  not  in  relation  to 
trolley  work  or  railway  work,  but  a  point  which  it  seems  to  nie 
the  Code  has  not  exactly  reached  as  yet.  I  may  be  speaking  from 
ignorance,  however,  as  I  have  not  carefully  read  through  the  last 
Code.  This  is  the  question  of  line  a])pliances  in  the  way  of 
safety  devices,  sockets,  etc.,  for  the  present  fashionable  22<)-volt 
work.  I  had  occasion  latel}^  to  examine  a  number  of  220-volt 
lighting  plants  and  found  they  were  using  exactly  the  same  cut- 
outs, same  sockets,  fixtures,  etc.  throughout  that  are  designed 
for  110- volt  work.  While  there  are  now  220-volt  switches  on 
the  market,  I  do  not  think  there  has  been  anything  done  in  the 
way  of  manufacturing  sockets,  fuses,  etc.,  especially  for  this 
voltage.  In  one  of  the  plants  examined,  I  asked  the  engineer 
what  lie  was  using  for  sockets,  cutouts,  etc.  He  replied  he  was 
using  the  same  as  for  110- volt  work,  and  in  answer  to  my  ques- 
tion if  he  did  not  have  a  great  deal  of  trouble,  he  said:  "  Oh  no; 
once  in  a  while  they  burn  out.""  A  few  moments  later,  I  noticed 
a  switch  which  was  nicely  cooked  and  asked  him  if  that  was  not 
one  of  them.  He  replied,  "yes."  Going  farther,  I  found 
numerous  cases  of  the  same  sort.  It  seems  to  me  that  the  220- 
voltfi  for  lighting  is  at  present  the  prevailinc:  fashion,  a  great 
many  plants  of  this  voltage  being  put  in,  and  I  do  not  think  that 
the  supply  manufacturers  are  prejmred  for  it.  For  instance, 
take  an  ordinary  socket  which  can  be  bought  for  one-half  or 
one-third  of  what  ought  to  be  paid  for  a  good  article.  These 
sockets  are  not  suitable  for  a  220-volt  break,  as  with  this  pressure 
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an  arc  has  little  trouble  in  being  formed  in  the  socket.  It  is 
the  same  way  with  many  of  our  fuse  blocks. 

I  do  not  suppose  for  a  moment  that  this  subject  has  been  lost 
sight  of  by  the  underwriters,  but  perhaps  it  is  something  that 
they  have  not  yet  had  time  to  get  into  the  rules.  My  own  ex- 
perience in  examining  a  number  of  installations  with  this  pres- 
sure is,  that  there  is  a  great  deal  of  trouble  and  a  great  many 
burnouts  in  the  fixtures  and  in  places  where  they  would  not 
have  occurred,  I  am  sure,  if  the  ordinary  110-volt  or  low  voltage 
current  was  in  use.  I  will  be  pleased  if  Mr.  Merrill  will  advise 
us  as  to  what  has  been  done  in  this  regard  in  the  way  of  having 
the  manufacturer  supply  a  line  of  material  especially  designed 
to  accomodate  220-volt  circuits. 

Mr.  Merrill: — I  agree  entirely  with  Mr.  Richardson  that  the 
fittings  at  present  on  the  market,  with  but  very  few  exceptions, 
are  unsuitable  for  use  at  220  volts;  I  would  go  further  and  say 
that  many  of  them  are  unsuitable  for  use  at  110  volts.  As  far 
AS  the  Code  is  concerned,  however,  I  think  the  matter  is  fully 
covered.  All  of  the  rules  relating  to  switches,  cut-outs  and 
similar  appliances  specify,  first,  that  the  manufacturer's  name  or 
trade-mark  should  be  stamped  on  the  goods  where  it  can  be 
plainly  seen ;  second,  that  all  of  these  fittings  must  operate  suc- 
cessfully at  25  per  cent,  excess  voltage  and  50  per  cent,  overload 
in  amperes  under  the  most  severe  conditions  they  are  liable  to 
meet  with  in  practice.  These  are  the  general  provisions  for  all 
fittings.  Besides  these,  you  will  find  detailed  specifications  for 
the  construction  of  many  common  appliances.  Their  use  at  220 
volts,  440  volts,  500  volts,  and  all  voltages,  is  covered  in  these 
specifications.  In  that  respect,  this  edition  of  the  Code  is  far  in 
advance  of  the  '96  edition. 

Mr.  Pierce: — I  believe  that  all  of  us  ought  to  say  exactly 
what  we  think  about  this  Code,  especially  those  of  us  who  are 
engaged  in  engineering  work,  and  I  believe  we  would  all  say 
that  the  Code  fulfils  the  purpose  for  which  it  is  intended  so  well 
that  it  does  not  seem  fair  to  criticise  it.  But  I  think,  inasmuch 
as  the  Code  is  a  matter  of  evolution,  that  if  we  have  any  one 
with  us  who  considers  the  Code  imperfect,  or  who  has  anything 
to  suggest  as  to  how  it  could  be  improved,  we  would  all  gain 
something  by  hearing  it.  I  notice  a  gentleman  here  who  rep- 
resents a  branch  of  the  art  which  as  yet  has  not  been  repre- 
sented in  onr  meeting  here  to-night,  and  while  I  do  not  wish  to 
intimate  that  he  is  not  an  engineer,  at  the  same  time  he  is 
interested  more  especially  in  the  supply  business,  and  the  changes 
in  the  Code  may  liave  helped  him  or  may  have  created  some 
trouble  for  him,  and  perhaps  he  will  give  us  some  insight  into 
the  matter.     The  gentleman  I  refer  to  is  Mr.  Burton. 

Mr.  C.  G.  Burton  : — It  has  occurred  to  me  in  looking  over 
the  list  of  authors  who  are  responsible  for  the  revised  rules,  or 
as  it  is  termed,  the  National  Electrical  Code,  that  the  electrical 
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associations,  underwriters'  associations,  architects,  and  various 
other  people  are  represented,  but  tliere  is  one  man  who  is  oblifi^ 
to  stand  the  brunt  of  all  these  changes,  and  who  I  do  not  find 
represented  here,  and  he  is  the  much  maligned  supply  man.  It 
is  an  easy  matter  to  formulate  a  set  of  rules  and  say :  "  We  will 
allow  such  and  such  an  article."  On  the  strength  of  this  state- 
ment, and  practically  a  guarantee,  the  supply  man,  who  is  on 
the  alert  for  money-making  products,  lays  in  a  nice  stock  in 
anticipation  of  a  profitable  venture,  but  is  soon  notified  that  the 
use  of  this  particular  article  is  prohibited  and  to  make  it  still 
more  emphatic,  photographs  and  descriptions  cTf  the  articles  are 
widely  distributed.     Jfow  where  does  the  supply  man  come  in? 

I  was  very  much  taken  witli  the  remark  made  a  few  moments 
ago  in  which  our  friend  advocated  the  idea  of  compelling  the 
manufacturer  to  get  out  a  better  quality  of  apparatus.  In  '84 
I  traveled  about  the  country  trying  to  sell  electrical  apparatus 
and  among  other  things  a  very  poor  grade  of  socket  for  which 
I  endeavored  to  secure  85  cents.  At  one  time  I  took  an  order 
for  quite  a  quantity  at  80  cents  and  the  firm  very  promptly 
turned  me  down.  I  presume  it  cost  them  as  much  as  15  or  20 
cents  to  manufacture.  I  can  now  sell  a  better  socket  and  make 
a  fair  profit  at  8  cents.  Now  this  idea  of  compelling  the  manu- 
facturer to  make  better  apparatus  is  not  correct.  You  com- 
mence at  the  wrong  end  of  it.  What  should  be  done  is  to  com- 
pel the  consumer  to  use  a  better  grade  of  material,  and  the 
manufacturer  and  the  supply  man  would  be  only  too  glad  to 
sell  him  a  better  class  of  material.  Under  present  conditions  a 
dealer  will  put  in  a  large  stock  of  sockets,  for  instance,  which 
cost  him  a  certain  figure.  He  possibly  soon  ascertains  that  his 
competitors  are  selling  sockets  at  a  much  lower  price  than  he 
can  afford.  His  only  recourse  is  to  compel  the  manufacturer  to 
make  a  cheaper  socket  which  enables  him  to  meet  competition. 
As  long  as  the  consumer  will  purchase  and  use  a  cheap,  low 
grade  of  material,  just  so  long  will  the  manufacturer  and  the 
sujiply  man  handle  material  of  that  character,  but  in  all  this  the 
supply  man  is  the  one  who  is  blamed  because  he  sells  such  poor 
material,  whereas  the  real  reason  exists  in  the  fact  that  the  un- 
derwriters and  others  in  authority  do  not  compel  the  consumer  to 
use  a  better  grade. 

With  reference  to  the  matter  of  wire,  I  notice  for  the  first 
time  that  the  revised  National  Code  omits  a  long  list  of  wires 
that  it  formerly  contained.  I  presume  that  this  was  due  to  the 
efforts  of  our  underwriting  friends,  and  also  to  the  overwhelming 
sense  of  injustice  that  they  must  have  felt  in  putting  their  stamp 
of  approval  so  indiscriminately  upon  anything  and  everything 
that  bears  resemblance  to  wire.  The  house  with  which  I  am 
connected  sells  a  good  wire;  has  been  selling  it  for  8  to  10 
years.  Our  friends,  the  publishers  of  newspapers,  have  been 
able  to  declare  dividends  on  the  basis  of  money  expended  in 
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advertising  and  pushing  this  particular  product.  We  still  sell 
that  wire  at  fair  prices  and  at  a  fair  profit.  Under  present  con- 
ditions, however,  the  customer  asks  for  quotations  on  wire, 
which  we  readily  make.  If  there  are  unsatisfactorj'  and  he  wants 
lower  quotations,  we  quote  him  on  another  wire  that  we  can 
purchase  in  the  open  market  and  which  we  can  sell  him  at  about 
two-thirds  the  cost  of  our  regular  and  standard  wire.  He  in- 
quires if  this  cheap  wire  is  approved  by  the  underwriters  and 
we  can  but  answer  that  it  certainly  is,  and  we  are  further  willing 
to  guarantee  that  it  does  not  contain  over  60  and  1 0  per  cent, 
of  mud.  The  fact  is  that  we  can  make  more  money  selling  the 
cheap  wire  than  we  can  the  high  grade  of  wire  which  is  simply 
due  to  formerly  indiscriminate  endorsement  by  underwriters' 
associations.  lender  these  conditions  it  is  but  natural  that  the 
consumer  should  use  the  cheap  wire  where  he  has  no  interest  at 
stake  subsequent  to  its  installation,  and  it  is  this  condition  of 
affairs  that  has  led  to  a  great  deal  of  this  cheap  quality  of  con- 
struction, against  which  tliere  seems  to  be  eo  much  objection. 
It  is  to  the  interest  of  the  supply  man  to  be  enabled  to  sell  a 
l)etter  quality  of  material  of  all  Kinds.  The  supply  man  acts  as 
a  go-between.  We  do  not  manufacture  or  originate  material; 
we  handle  material  which  has  been  originated  and  manufactured 
by  some  one  else,  which  we  offer  to  the  consumer.  We  would 
much  prefer  to  sell  a  good  article  at  15  cents  than  two  poor 
articles  at  7^  cents  each.     When  we  sell  staple  and  satisfactory 

floods  to  a  customer  we  ^et  his  good  will  and  the  assurance  of 
lis  future  patronage,  but  if  we  sell  him  a  poor  affair  the  danger 
exists  that  it  will  influence  him  against  us,  so  betwixt  the  dis- 
position of  underwriting  concerns  to  call  for  a  high  standard, 
and  the  disposition  of  the  consumer  to  purchase  a  cheap  article, 
the  supply  man  is  kept  continually  in  hot  water,  and  is  practically 
blamed  for  all  the  poor  material.  Surely  we  are  a  much  ma- 
ligned fraternity. 

Mk.  Richardson  : — In  answer  to  the  gentleman  who  has  just 
spoken,  I  would  say  that  I  was  once  connected  with  a  large  electri- 
cal supply  house  and  think  £he  facts  in  the  ease  are  these :  That 
the  supply  man  has  a  disease,  but  does  not  go  to  the  right  doctor 
for  a  cure.  He  does  not  want  to  go  back  to  the  manufacturer 
for  redress,  but  should  work  in  harmony  with  the  underwriters, 
and  just  as  soon  as  he,  the  supply  man,  will  refuse  to  buy  or 
sell  an  article,  which  is  not  first  class,  (and  he  admits  it  is  poor 
})olicy  to  sell  an  article  of  inferior  quality),  he  will  then  have 
no  further  trouble  with  his  sockets,  etc.,  no  bargain  counter 
referred  to,  and  the  customers  who  have  bought  his  goods  will 
come  back  to  him  for  more  of  the  same  kind  instead  of  being 
dissatisfied  and  going  elsewhere.  It  seems  to  me  the  supply  man 
has  as  much  opportunity  to  help  out  in  bringing  up  the  standard 
of  electrical  material  and  appliances  as  the  underwriters  them- 
selves. 
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If  the  supply  man,  as  above  stated,  will  not  buy  or  sell  cheap 
goods,  it  naturally  follows  that  the  other  fellow,  the  construction 
man,  cannot  get  and  use  inferior  material.  It  does  not  seem  to 
me  that  the  keeping  of  seven  or  eight  grades  of  a  material, 
ranging  from  poor  or  worthless  up  to  good  quality  in  order  to 
eaten  all  classes  of  trade,  is  in  harmony  with  the  Code  or  the 
spirit  in  which  it  was  written. 

As  previously  stated,  I  was  once  connected  with  a  very  large 
supply  house  and  can  state  from  experience  that  the  money 
made  by  that  house  and  the  reputation  they  gained  was  not 
made  or  gained  by  the  sale  of  cheap  goods.  W  here  good  goods 
are  sold,  they  are  sold  to  stay  sold,  and  where  poor  goods  are 
sold,  they  usually  come  back,  the  customer  staying  away.  I  can 
well  remember  when  the  sockets  referred  to  sold  for  85  cents,  and 
it  mav  be  that  a  better  socket  than  these  were  can  now  be  sold 
for  7  cents,  but  I  doubt  it.  A  good  socket,  I  do  not  think  it 
necessary  to  tell  this  audience,  cannot  be  built  for  7  cents  and 
it  is  just  these  little  things  that  tell  in  an  installation.  An  im- 
mense amount  of  time,  energy  and  money  is  spent  to  bring  up 
the  standard  of  a  piece  of  machinery,  as,  for  instance,  a  dynamo, 
to  get  a  high  field,  commutator  and  armature  insulation,  and 
then  some  paltry  little  cheap  5  cent  device  is  connected  up  to 
the  system  that  destroys  the  entire  insulation  of  the  installation. 
It  does  not  seem  to  me  that  the  supply  man  is  such  a  terribly 
maligned  individual,  and  if  he  has  an  ailment,  the  cure  rests 
largely  with  himself. 

The  Chairman: — I  would  like  to  bring  out  the  fact,  that 
the  rules  we  are  looking  over  are  not  solely  underwriters'  rules. 
They  have  been  made  by  the  representatives  of  the  national 
institutes  of  architects,  electrical  engineers,  mechanical  engineers, 
street  railway  and  electrical  lighting  people,  as  well  as  by  the 
underwriters.  I  don't  think  the  underwriters  even  had  a  ma- 
jority in  the  meetings.  I  think  that  if  the  representatives  of 
the  architects,  railroads  and  electric  lighting  associations  wanted 
to,  they  could  have  out-voted  the  underwriters,  which  they  do 
not  seem  to  have  done.  I  have  no  *doubt  if  there  was  an  asso- 
ciation of  the  people  who  make  the  goods,  they  would  have 
joined  in  the  same  line.  We  have  no  set  of  rules  for  the  supply 
men  or  for  the  manufacturers.  It  would  interest  us  to  hear 
something  on  the  broad  matter  of  the  rules  themselves,  from 
the  gentleman  who  was  one  of  the  board  which  made  them  up. 
I  will  ask  for  some  final  remarks  from  Mr.  Merrill. 

Mr.  Merrill: — The  printed  history  of  the  rules  tells  the 
•  tale  from  start  to  finish,  and  this  Code  is  its  last  chapter.  This 
history  you  may  read  in  the  little  books  which  I  have  sent  here, 
and  I  tliink  probably  it  will  prove  more  interesting  to  you  in 
the  form  in  which  it  is  there  presented  than  it  would  recited  by 
me.  The  Code  itself  is  not  a  fire  underwriters'  code  any  more 
than  it  is  a  life  underwriters'  code.     The  life  insurance  people 
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might  be  just  as  much  hitercsted  in  this  Code  as  the  lire  in- 
surance companies.  The  Chicago  Fire  Department  and  other 
city  departments  have  adopted  it.  It  is  of  just  as  much  interest 
to  architects,  electric  lighting  men,  central  station  men,  supply 
houses  and  electrical  contractors  as  it  is  to  us.  The  remedy  for 
existing  evils  does  not  lie  wholly  with  the  fire  insurance  man. 
He  is  a  pretty  charitable  sort  of  person,  spending  something  like 
$150,000  a  year  in  the  vain  endeavor  to  educate  the  people  up 
to  good  construction,  and  it  is  unreasonable  to  expect  him  in  all 
cases  to  prevent  poor  construction.  The  matter  is  one  of  general 
interest,  and  it  should  always  be  one  of  general  education.  I 
would  be  very  glad  if  it  could  be  taught  in  the  public  schools. 
Some  day,  perhaps,  it  will  be.  It  seems  to  me  that  an  institu- 
tion of  such  a  national  character  as  yonrs,  and  one  having  such 
great  potency  in  the  matter  of  the  standard  it  adopts,  should 
consider  it  within  your  province  to  further  this  work,  to  give 
the  stamp  of  your  approval  to  a  set  of  rules  which  has  been 
very  largely  compiled  by  your  own  delegate,  and  in  this  way 
help  along  the  general  cause,  in  which  we  are  all  very  much 
interested,  I  am  sure. 

Pbof.  W.  M.  Stink: — I  have  in  my  hands  a  report  which  is  being 
presented  in  New  York  this  evening  by  Dr.  Crocker.  He  is  a 
member  of  this  National  Conference. 

[Prof.  Stine  read  the  report,  see  page  514.] 

Mb.  Mebrill  : — The  Conference  lias  been  invited  to  co-operate 
with  the  Underwriters'  National  Electrical  Association  at  its 
meetings^  and  consider  any  revision,  extension,  or  amendment 
to  the  Code.  It  is  not  expected  that  it  will  be  necessary  to  make 
any  changes  in  this  general  wording  for,  we  hope,  at  least  two 
years  to  come,  but  we  propose  to  meet  again  m  December  to 
talk  over  all  the  suggestions  of  improvements  which  we  might 
receive  in  the  meantime  from  any  source,  and  if  there  is  nothmg 
to  be  revised  at  that  time,  we  propose  to  let  it  stand  as  at 
present.  The  future  work  will  be  in  the  hands  of  these  various 
mterests,  and  in  the  event  of  changes  of  any  consequence  being 
made,  it  will  be  the  duty  of  your  delegates  to  report  to  you  for 
further  action. 

Mr.  a.  V.  Abbott  : — I  would  likp  to  ask  how  this  Code  com- 
pares with  similar  documents  in  England. 

Mr.  Merrill: — It  is  altogether  different.  British  practice, 
of  course,  differs  from  American  practice ;  and  while  I  am  not 
very  familiar  with  tlie  construction  work  going  on  there,  I 
should  judge  the  code  of  rules  recently  adopted  by  one  associa- 
tion in  England,  compared  with  this  Code,  could  be  called  crude. 
That  code  has  been  refused  by  a  number  of  lire  offices  there, 
each  preferring  to  retain  former  methods.  They  are  in  the 
same  danger  there  that  we  have  been  in  here  for  several  years, 
not  only  in  their  organization  as  to  a  code,  but,  beyond  that, 
each  fire  office  has  a  code  of  its  own,  which  makes  it  very  much 
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more  embarrassing  than  to  have  a  code  agreed  upon  by  even  all 
of  the  insurance  companies.  It  may  be  that  practice  in  Eng- 
land is  carried  on  so  conscientiously  that  such  rigorous  handling^ 
of  rules  and  their  enforcement  is  not  necessary.  I  can  see  no 
other  explanation  for  their  being  apparently  so  far  behind  the 
times  in  the  way  of  rule-making. 

Mr.  Abbott  : — The  code  of  rule^  that  I  had  reference  to  has 
been  received  witliin  the  past  month.  I  noticed  that  the  car- 
rying capacities  were  somewhat  larger  than  ours. 

Prof.  Stine  : — I  would  like  to  read  the  following  resolution  : 

Whereas^  The  rules  and  requirements  for  the  installation  of  wiring  and  ap- 

Sftratus  for  electric  light,  heat  and  power,  known  as  the  *' National  Electrical 
ode,"  are  the  result  of  the  united  efforts  of  the  various  electrical  insurance, 
architectural  and  allied  interests  represented  in  the  National  Conference  on 
Standard  Electrical  Rules,  composed  of  delegates  from  the 
American  Institute  of  Architects. 
American  Institute  of  Electrical  Engineers, 
American  Society  of  Mechanical  Engineers, 
American  Street  Railway  Association, 
Factory  Mutual  Eire  Insurance  Companies, 
National  Association  of  Fire  Engineers, 
National  Board  of  Fire  Underwriters. 
National  Electric  Light  Association,  and 
Underwriters'  National  Electric  Association,  and 
Whereas,  This  Code  is  shown  to  be  the  best  at  present  available  for  use  from 
the  fact  that  it  has  been  a<lopte<l  by  the  various  municipal  and  insurance  in- 
spection departments  of  the  countrv,  as  well  as  by  the  l^ational  Electric  Light 
Association  and  the  National  Board  of  Fire  Underwriters  and  other  bodies,  and 
Whereas,  Representatives  of  the  American  Institute  of  Electrical  En- 
oiNBERS,  headed  bv  the  present  President  of  the  Institute,  were  important 
factors  in  its  compilation; 

Therefore  be  it  re^doed.  That  the  '*  National  Electrical  Code"  be  ami  hereby 
is  endorsed  for  general  use  as  a  standard  set  of  specifications  governing  the 
safety  of  electrical  equipments,  and 

Be  it  further  resolved.  That  this  Code  l)c  recommended  to  the  Board  of 
Management  for  adoption  as  the  standard  of  the  American  Institute  of  Elec- 
trical Engineers. 

Mr.  Abbott  moved,  and  the  motion  was  seconded,  that  tlie 
above  preamble  and  resolutions  be  adopted.  The  motion  was 
carried,  and  the  above  unanimously  adopted,  whereupon  the 
meeting  adjourned. 


AMERICAN  INSTITUTE  OF  ELECTRICAL 

ENGINEERS. 


New  York,  October  27th,  1897. 

The  118th  meeting  of  the  American  Institute  of  Electrical 
Engineers,  was  held  at  12  West  3l6t  Street,  this  date  and  was 
called  to  order  by  President  Crocker  at  8.20  p.  m. 

The  Secretary  : — At  the  meeting  of  the  Executive  Commit- 
tee this  afternoon  the  following  Associate  Members  were 
elected : 

Name.  Address.  Endorsed  by 

Balslet,  Abe  Chief    Electrician,    Terre    Haute    R.  B.  Harrison. 

Electric  Railway  Co.,   No.  514    Edw.  G.  Waters. 
6i  Street,  Terre  Haute,  Ind.  Edw.  P.  Decker. 

Balcome,  Herbert  A.  With  The  Eddy  Elec.  Mfg.  Co..    W.  R.  C.  Corson. 

Windsor,  Conn.  H.  E.  Heath. 

H.  S.  Rodgers. 

Child,  Chas.  T.  Editor,  The  EUetrical  World,  263    J.  Stanford  Brown. 

Broadway,  New  York.  Louis  Bell. 

A.  E.  Kennelly. 

GoLTZ.  William  Hathaway.  Building,  F.  B.  Badt. 

Milwaukee,  Wis.    Chas.  D.  Shain. 

B.  J.  Arnold. 

Jones,  M.  E.  Contractor,  and  Student  in  Senior    Harris  J,  Ryan, 

Class,  Cornell  University.  S.B.Fortenbaugh. 

Ithaca,  N.  Y.    Fred'k  Bedell. 

Le  Clear,  Gifford,      Electrical    and    Mechanical    En-  C.  A.  Adams. 

gineer.  Partner  Densmore  &  Le  E.  H.  Hall. 

Clear,? Exchange  Place.  Boston;  H.  B.  Shuw. 
residence,  Cambridge,  Mass. 

Thompson,  SiLYANUS  P.  Morland,    Chislett    Road,     West    Chas.P.Steinmetz. 

Hampsread,    London,    N.  W.,    Ernst  J.  Berg. 
England.  Eskil  Berg. 

WiLUAMs,  Geo.  Henrt  District  Sunt.  The  Edison  &  Swan    H.  L.  R.  Emmet. 

United  Electric  Co.,  Ltd.,  184    A.  G.  Inrig. 
Royal  Avenue  ;    residence.  Cul-    Ralph  W.  Pope, 
more,  Glenbum  Park,  Belfast. 
Ireland. 
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•WoTTON,  James  A.         Eleotrioian,   Southern  Bell   Tele-    F.  A.  Piokemell. 

Shone  &  Telegraph  Co.,   P.  0.    A.  N.  Mansfield, 
lox  218,  Atlanta,  Qa.  D.  I.  Carson. 

Total  9. 

The  following  Associate  Members  were  transferred  to  full 
membership. 

Sampson,  F.  D.  Manager,  Ch&rlotte  Electric  Light  and  Power  Co., 

Charlotte.  N.  C. 

Datidson,  a.  Cable  Engineer  and  Electrician,  Central  and  South 

American  Telegraph  Co.,  Lima,  Peru. 

Decker,  Edward  P.  Electrical  Engineer.  New  York  Telephone  Co.,  18 

Cortlandt  St.,  New  York, 

Total  3. 

The  President: — As  there  is  no  formal  business  to  attend  to 
we  will  proceed  immediately  to  the  subject  of  the  evening,  and 
I  take  great  pleasure  in  presenting  Mr.  Kichard  Lamb,  who  will 
read  a  paper  on  a  novel  and  very  interesting  branch  of  electrical 
engineering,  "The  Development  of  Electric  Cableways."  Mr. 
Lamb  will  please  present  this  paper,  and  as  the  paper  is  illus- 
trated by  lantern  slides  it  will  be  necessary  to  darken  the  room, 
and  Mr.  Lamb  will  refer  to  them  in  the  course  of  his  paper. 
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THE  DEVELOPMENT   OF    ELECTRIC    CABLEWAYS. 


BY   KICHARD   LAMB. 


Large  expenditures  of  thought  and  money  have  been  made  to 
devise  means  of  transportation  that  can  disregard  the  insur- 
mountable dilHnulties  of  some  surface  roads,  such  as  excessive 
grades,  too  much  brid^ng,  or  too  great  a  cost  for  roadway.  The 
natural  suggestion  has  been  to  make  the  roadway  through  the 
air,  and  air-ships,  flying  machines  and  suspended  cableways  have 
been  sought  for  to  solve  the  problem. 

Macaulay  wrote,  "  Of  all  inventions,  the  alphabet  and  printing 
press  excepted,  those  inventions  which  abridge  distance  have 
done  most  for  civilization." 

The  most  baffling  problems  we  have  before  us  to-day  are  those 
of  abridging  distances.  With  all  the  expenditure  of  life  and 
money  that  has  been  put  into  the  endeavor,  man  has  not  as  yet 
even  been  able  to  traverse  this  orb  of  the  universe  upon  which 
we  are  living,  and  with  untold  riches  as  the  goal,  thousands  stop 
within  a  few  hundred  miles  of  the  Klondike,  at  the  first  short 
pass,  to  await  a  less  hazardous  season  to  risk  the  journey. 

There  are  millions  of  feet  of  valuable  timber  in  swamps  stand- 
ing within  rifle-shot  distance  of  convenient  points  of  navigation 
that  have  been  practically  unobtainable.  The  miry  soil  makea 
regular  roadbeds  too  expensive,  and  it  has  been  as  impossible  to 
get  the  teams  into  the  swamps  as  to  get  the  logs  out.  It  was  to 
solve  this  particular  problem  of  abridging  distances  that  the 
electric  cableway  was  built. 

I  first  built  a  cableway,  having  portable  iron  bracket  supports 
to  attach  to  the  trees,  and  an  endless  cable  supported  by  sheaves 
upon  the  brackets.    The  cable  was  passed  around  a  sheave  which 
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was  driven  by  a  Bteam  engine  at  one  end  of  the  line.  Tliis  cable- 
way  worked  well,  and  could  haul  loga  for  a  distance  of  half  a 
mile,  which  is  farther  than  by  any  other  motliod  previously 
tried.  I  found  that  tsteatn  cableway8  were  limited  to  straight 
lines,  and  as  trees  do  not  alway>«  grow  in  long  sti-aigtit  lines,  I 
devised  a  means  by  which  the  car  \voiild  replace  the  traction- 
cable  in  its  sheave  if  it  was  dislodged  in  passing  a  bracket  ou 
account  of  the  cable  line  not  being  straight.  But  this  did  not  * 
obviate  the  ditticiilty  of  having  to  select  the  route  with  reference 
to  a  straight  line. 


First  Test  of  Iio}tg-iiig  Mul 


In  the  excellent  article  on  "  Itailways  in  the  Air,'' published 
in  a  recent  number  of  TIi'-  Sfrfi/i'I,t\ii!  writer  stateii:  "Two 
stout  wire  carrying  ro])ei>  are  laid  parallel  on  titnTidards  of  wood 
or  iron  and  then  stretched  tightly  in  a  xti-aujht  Ihie.  (These 
wonls  are  in  italics.)  Aerial  rope-waye  cannot  nm  around 
corners."  This  condition  is  due  to  the  fact  that  a  moving  cable 
has  a  tendency  to  work  itself  out  of  its  carrying  sheave,  unless 
the  line  of  the  pull  of  the  cable  is  straight.  This  fact  suggested 
to  me  the  necessity  of  the  traction  cable  being  stationary.  It 
was  a  natural  advance  in  the  tine  of  thought  to  note  that  if  a 
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sheave  would  transmit  sufficient  power  to  haul  logs  a  distance  of 
half  a  mile  from  the  same,  that  it  would  be  even  more  efficient  if 
the  power  applied  to  the  sheave  was  near  by,  and  accompanied 
the  load  on  its  travel.  As  an  electrician,  the  cables  of  the  steam 
rig  naturally  suggested  to  me  conductors  for  an  electric  motor 
that  would  operate  the  sheave.  Such  a  motor  admits  of  the 
traction  cable  being  stationary  by  passing  it  about  the  sheave 
several  times  and  anchoring  it  at  both  ends ;  thus,  the  motor 
winds  in  and  pays  out  the  cable,  on  the  principle  of  a  capstan. 
The  fact  that  the  tnuttion  cable  is  stationary,  and  that  the  lower 
bi*acket  catches  the  cable  as  the  motor  passes,  makes  a  system  of 
this  kind  the  only  one  that  can  bo  operated  upon  concave  and 
convex  curved  lines. 

One  of  the  essential  features  of  the  steam  cableway  is  having 
the  traction  rope  always  j>arallel  with  the  bearing  cable.  The 
disregard  of  the  direction  of  forces  in  other  cable  systems  has 
been  one  of  the  main  causes  of  their  failure.  On  approaching  a 
support  the  cable  naturally  sags,  and  the  carriage  has  to  be  pro- 
pelled lip  an  incline.  If  the  grade  of  the  cable  is  steep,  as  it  is 
in  practice,  and  the  power  is  applied  in  a  horizontal  direction, 
the  resultant  force  will  neutralize  the  pull,  and  the  carriage  will 
stop.  Cableways,  operated  by  horses  upon  the  ground,  pulling  the 
carriage  on  the  cable,  have  accordingly  been  inoperative.  It  was 
important,  therefore,  in  the  electric  cableway,  to  have  the  trac- 
tion cable  always  parallel  with  the  bearing  cable.  Supposing  the 
incUne  of  the  cable  to  be  raised  until  it  is  vertical,  we  would  then 
have  an  elevator ;  the  bearing  cable  being  the  guide,  and  the 
traction  rope  the  hauling  rope,  the  motor  being  on  the  elevator 
car  instead  of  at  the  top  or  bottom  of  the  shaft.  It  is  this 
feature  that  enables  this  system  to  operate  on  grades  that  would 
be  impracticable  by  other  methods. 

This  system  consists  of  a  carriage  with  grooved  wheels  in 
tandem,  that  move  upon  a  cable  or  suspended  trackway.  From 
this  carriage  is  hung  a  frame,  pivoted  to  the  carriage  so  that  it 
can  maintain  a  vertical  i)08ition  regardless  of  the  grade  of  the 
track.  This  frame  holds  an  electric  motor,  preferably  of  an  iron- 
clad cylindrical  type.  The  motor  is  geared  to  an  elliptically 
grooved  sheave.  A  steel  cable  is  wrapped  around  this  sheave 
two  or  more  times  and  is  anchored  at  both  ends.  For  the  sake 
of  economy  in  conductors,  the  upper  or  bearing  cable  is  insulated 
from  the  lower  or  traction  cable,  and  is  used  to  carry  the  electric 
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current.  Tlie  carriage  is  insulated  from  the  suBpended  frame 
and  motor.  An  insulated  wire  is  attached  to  the  carriage  and 
conveys  the  current  to  the  rheostat.  The  other  pole  of  the 
rheostat  is  connected  with  a  convenient  part  of  the  suspended 
frame.  The  rheostat  is  designed  to  control  the  speed  and  re- 
verse the  current.  A  circuit  breaker  is  put  in  circuit.  The  cur- 
rent from  the  generator  parses  along  the  bearing  cable  to  the  car- 
riage, thence  through  the  insulated  wire,  through  the  rheostat, 
through  the  motor,  to  the  frame  of  the  motor,  thence  through  the 
traction  cable,  back  to  the  generator.  At  intervals  along  the  line, 
connection  is  made  between  the  traction  cable  and  the  ground. 
A  bar  of  copper-coated  iron  is  buried  at  the  foot  of  a  tree  or  post 
to  which  the  cable  brackets  are  attached.  A  well  bonded  copper 
wire  extends  from  this  ground  plate  to  the  lower  bracket,  upon 
which  the  traction  cable  rests. .  In  swamp  and  canal  service  the 
plate  is  buried  well  in  the  moist  earth.  A  most  marked  differ- 
ence in  the  repistance  is  noted  when  the  ground  connections  are 
disconnected.  When  connected,  the  resistance  is  the  same  as  if 
the  traction  cable  was  the  same  size  as  the  bearing  cable. 

In  making  the  first  saddles  to  support  the  cable,  they  were  de- 
signed for  movable  brackets,  which  can  be  easily  put  upon  trees 
and  removed  to  other  trees  when  the  line  is  changed  to  a  different 
location.  These  saddles  have  a  (J-shaped  clamp  that  goes  over 
the  cable,  and  is  bolted  down  with  wedge-shaped  bolts.  Under 
the  saddle  is  a  petticoated  recess,  designed  to  shed  rain-water 
from  the  insulation  placed  between  the  saddle  and  the  bracket  to 
keep  the  current  from  grounding  or  short-circuiting. 

This  develops  a  new  feature  in  insulation.  It  appeared  that 
many  of  the  materials  ordinarily  serviceable  for  insulating  were 
not  available,  owing  to  the  fact  that  often  a  rolling  load  of  10,000 
lbs.  or  more  passes  over  the  brackets,  producing  a  grinding  and 
crushing  effect. 

Lava,  hard  rubber,  micanite,  shellac,  mica  and  its  products, 
glass,  porcelain,  ozite  and  all  products  of  rosin,  proved  to  be  too 
brittle.  Vulcanized  fibre  was  finally  used  and  proved  quite  satis- 
factory for  a  time.  As  only  220  volts  are  used  in  logging  plants, 
and  as  it  is  an  advantage  from  a  construction  standpoint  to  have 
the  insulation  as  thin  as  possible,  sheets  of  fibre  ^ ''  thick  were 
used.  It  was  found  that  although  this  insulation  was  protected 
from  the  rain,  by  being  shellaced  and  covered  by  a  petticoat, 
after  being  exposed  for  some  time,  it  would  lose  considerable  of 
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ita  reBistaoce,  and  while  some  of  the  brackets  conid  be  paaaed  by 
the  electric  motor,  the  heavy  load  on  others  would  cause  a  short 
circuit  through  the  insulation.  This  was  averted  by  paintioff  the 
saddles,  brackets  and  fibre  with  insulating  paint,  and  by  increasing 
the  thickness  of  the  insulation  to  1"  and  using  fibre  that  liad 
been  solidified  under  unusual  pressure.  This  was  found  to  work 
all  right. 

The  saddles  for  the  plant  for  the  Erie  Canal  towing  test,  re- 
ferred to  hereafter,  were  made  so  that  the  tread  of  the  l>earing 
wheels  would  leave  the  rope,  and  the  wheels  would  pass  over  the 
saddles  on  their  rims,  guided  by  flanges  cast  upon  the  saddles. 
On  carves  these  ilanges  were  made  concave  or  convex  as  required. 
These  saddles  worked  excellently:  and  the  motor  passed  over 
them  easily  and  satisfactorilv.     These  brackets  were  insulated 
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with  ozite  and  vuk-ani/ed  iibre,  and  painted  with  insulating  paint. 
Work  in  swaiup  lo^^n^  demonstrated  tliat  small  short  saddles 
are  all  that  are  needed,  even  for  deflections  in  the  line  of  from 
20  to  2."i  deffroes.  Tlie  needle  was  much  siniplilied  by  attaching 
to  the  brackets  an  insulHted  i'one-3ha|>ed  pin,  over  which  the 
saddle  ia  placed,  by  havinga  cone-shaped  rcpessin  tlic  under  part 
of  the  saddle  to  tit  the  pin.  This  recess  also  acts  as  a  petticoat 
to  protect  the  insulation.  The  question  of  insulating  the  cone- 
shaped  pin  was  an  important  one.  "\' iilcanized  fibi-e  could  not 
be  molded  upon  the  pin.  A  material  was  needed  that,  while 
having  a  high  resistance,  would  adhere  to  the  pin,  and  that  would 
stand  a  great  crushing  strain.  It  sliould  be  prefer!il)ly  non-hygro- 
scopic, and  show  a  minimum  absorption  of  water. 
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Insulated  trolley  hangers  were  secured,  that  showed  an  insula- 
tion resistance  measured  under  150  lbs.  vertical  stress  above 
800,000  megohms,  and  after  sprinkling  with  water  one-half  hour, 
measuring  immediately  above  300,000  megohms.  After  again 
sprinkling  with  water  twenty  minutes,  they  measured  imme- 
diately above  300,00t»  megohms. 

Tested  for  absorption  after  soaking  in  the  water  four  days 
showed  weight  of  312.9  grammes;  weight  as  received  312.7 
grammes;  absorbed  000.2  grammes.  [Tests  by  Stone  and 
Webster.] 

In  the  insulated  stud  made  for  the  saddles,  the  breaking  strain 
measured  over  35,000  lbs..  At  that  point  the  insulation  showed 
no  signs  of  giving  way,  and  the  same  stud  was  subsequently  used 
for  regular  work.  The  instrument  used  for  measuring  the  crush- 
ing strain  measures  only  50,000  lbs.  It  was  thought  best  not  to 
test  above  35,000  lbs.,  which  was  more  than  needed  in  any  service 
it  would  be  required  to  perform.  The  pressure  was  put  upon 
the  top  of  the  saddle  and  the  bottom  of  the  stud.  As  the  thick- 
ness of  the  insulation  is  over  twice  as  great  on  these  saddle  pins 
as  was  used  on  the  trolley  studs  tested,  the  resistance  should  be 
at  least  over  twice  as  great.     [Test  by  Pope  Mfg.  Co.] 

The  best  steel  cables  for  cableways  are  the  interlocked  and 
patent  locked  wire  rope.  These  are  almost  as  compact  as  solid 
bars  of  steel,  and  vet  can  be  easilv  coiled  bv  hand  in  coils  four 
feet  in  diameter.  A  simple  coupling  is  used  to  connect  the  cables. 
The  wheels  of  the  car  pass  over  these  couplings  so  smoothly  that 
the  rider  on  the  motor  scarcely  notices  the  fact.  These  points  of 
connection  are  as  strong  as  any  section  of  the  cable.  An  advant- 
age in  these  interlocked  cables  is  that  they  present  a  smooth 
surface  of  comparatively  Hat  steel,  which  wears  a  great  many 
times  longer  than  the  ordinary  cables  whose  surfaces  present 
round  wires  that  wear  through  and  unravel.  These  cables  are 
made  to  bear  much  greater  strains  than  the  ordinary  cables,  and 
being  so  nearly  solid  they  make  much  better  electrical  conductors. 

The  traction  cable  is  made  of  |"  or  |"  specially  strong  ''19 
wire"  steel  rope,  with  a  soft  iron  wire  core,  in  place  of  hemp, 
which  is  ordinarily  used.  This  increases  the  conductivity.  One 
of  the  most  remarkable  results  in  practice  in  this  system  is  the 
fact  that  the  traction  cable  does  not  have  to  be  pulled  very  taut, 
in  fact  a  sag  in  the  cable  seems  to  be  of  no  disadvantage,  as  the 
motor  does  not  tighten  the  line  far  ahead,  even  when  doing  con- 
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siderable  service.  The  sag- 
adds  to  the  weight  of  the 
cable  and  to  the  friction  on 
the  brackets,  and  these  two 
resiHtancee  act  as  an  anchor 
for  the  traction  cable,  in- 
dependent of  the  terminal 
anchorages.  For  example 
in  the  case  of  a  trial  plant 
for  a  German  canal  the  re- 
sistance to  be  overcome  by 
a  motor,  or  its  "draw-bar 
pull"  waa  to  be  645  lbs. 
N'ow  at  one  pound  [■<er 
ninning  foot  of  traction 
'  cable,  the  influence  of  the 
motor  pull  would  only  be 
felt  <)45  feet  ahead  of  the 
motor.  Therefore  with  mo- 
tors distributed  645  feet 
:  apart,  each  one  practically 
I  has  it«  traction  cable  an- 
F  chorefl  from  the  motor 
i  ahead,  and,in  consequenL-e 
the  combined  pnll  of  all  the 
i  motors  is  not  exerted  upon 
;  the  terminal  anchorage. 
In  the  tirst  plant,  the 
clamps  on  each  of  the  lower 
or  traction  cable  brackets 
were  made  with  steel  jaws, 
with  springs  under  them, 
such  as  are  used  on  grip- 
pulleys.  AVhen  the  traction 
cable  was  pulled  the  clamps 
gripped  the  cable, and  when 
the  motor  lifted  the  cable, 
on  passing  the  bracket,  the 
jaws  I'eleased  the  cable. 
These  clamps  were  found 
to  be  unnecessary. 
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In  canal  practice  the  terminals  will  be  ten  miles  apart  with 
tension  stations  every  two  miles.  At  the  terminal  stations  rotary 
transformers  will  transform  the  high  voltage  alternating  current 
to  500-volt  direct  current,  and  send  the  same  each  way  a  distance 
of  live  miles.  Where  the  traflSc  justifies,  a  line  will  be  placed 
on  each  side  of  the  canal,  when  the  insulated  or  bearing  cables 
will  be  connected  at  intervals  to  feed  each  other.  The  anchorage 
of  the  traction  cable  will  he  made  with  a  series  of  clamps,  and 
the  motors  will  be  passed  through  them  as  canal  boats  through 
locks.  At  the  end,  the  motor  is  released  from  its  traction  cable 
and  is  conveyed  across  the  canal  on  a  cable,  or  where  masts  are 
allowed  on  boats  in  the  canal,  by  a  hinged  trussed  track  that  can 
be  opened  like  a  gate,  or  raised  out  of  the  way.  The  handle  of 
the  rheostat  is  easily  controlled  from  the  boat  by  a  cord  attached 
to  the  handle.  When  the  cord  is  pulled  from  the  opposite  direc- 
tion to  which  the  motor  is  to  be  run,  the  current  is  admitted  in 
the  proper  direction,  and  the  motor  proceeds.  When  the  cord 
is  released,  the  handle  flies  back  to  a  vertical  or  cut-off  position, 
and  the  motor  stops.  When  two  boats  pass,  they  exchange  mo- 
tors by  simply  exchanging  tow-lines  and  controller  cords. 

The  first  test  of  canal  boat  towing  with  this  system  was  made 
on  the  Delaware  and  Raritan  Canal,  at  the  Trenton  Iron  Works. 
The  motor  was  made  to  go  over  concave  and  convex  curves  and 
up  and  down  grades  while  towing  the  boat. 

In  reference  to  the  teat  of  canal  boat  towing  on  the  Erie  Canal, 
at  Tonawanda,  it  is  not  necessary  to  make  any  apologies  for  the 
system.  Superintendent  of  Public  Works  Aldridge,  in  his  report 
to  the  legislature,  unqualifiedly  endorsed  the  system  and  stated  : 
"  Karly  in  the  season  of  1895  application  was  made  to  me  to 
officially  designate  a  part  of  the  Erie  Canal  for  the  proposed  test 
of  the  efficiency,  economy  and  practicability  of  the  so-called 
'  Lamb  System'  for  improving  the  present  system  of  towage  on 
the  canals  of  the  State.  The  location  selected  was  a  piece  of 
canal  about  one  and  one-cjuarter  miles  in  length  at  Tonawanda, 
K.  Y.  The  purpose  was  to  select  such  a  portion  of  canal  as 
would  embrace  as  many  i)ractical  obstacles  to  the  success  of  such 
a  plan  of  towing  as  could  be  found  anywhere  in  a  section  of 
canal  that  length." 

In  the  report  of  Chas.  R.  Barnes,  electrical  expert  for  the 
Public  Works  De|)artment  of  the  State  of  New  York,  he  sums 
up  by  saying:    '*The  electric  towing  system  appears  to  present 
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■o  many  meritorioae  features  that  I  have  no  hesitation  in  ciidurs- 
ing  it  as  the  Bystein  deserving  preference  over  any  other  hitlierto 
experimented  upon,  or  likely  to  he  devised  in  the  near  future.'' 
So  short  a  time  was  given  in  which  to  conetnict  the  trial  plant 
that  existing  inoduls  had  to  !«  copied.     The  motor  was  over  9 


feet  in  length:  it  wcigluM  2.21.'{  ]m>iiii<I8.  The  elliptically 
grooved  sheave  was  driven  l>y  a  wonn-gear.  The  voltage,  which 
was  gotten  from  a  trolley  line,  fluctuated  from  nothing  to  500 
volts,  hnt  seldom  equalled  the  latter  amount.  The  bridges  under 
which  the  motor  had  to  go  were  very  low,  and  had  to  be  ap- 
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proached  by  reverse  curves  on  a  grade  of  about  20  degrees. 
Trenches  had  to  be  dug  next  to  the  abutments  to  give  room  for 
the  motor  to  pass  under  the  bridgee.  Both  convex  and  concave 
curves  had  to  be  passed  over,  and  at  one  point  the  deflection  was 
about  30  degrees.  In  spite  of  the  ditficnltiea,  the  trial  showed 
that  the  system  performed  economically  and  efllcicntly  all  that  it 
was  designed  to  accomplish. 

In  the  plant  recently  constructed  for  trial  on  a  German  canal, 
the  motor  has  been  shortened  to  less  than  live  feet  in  lengtli ; 
its  weight  reduced  to  1,300  pounds.  The  worm-gear  has  been 
avoided  by  a  double  reduction  direct  gear,  gaining  50JS  in  effi- 
ciency over  the  worm-gear,  and  the  elliptically  grooved  sheave 


Motnr  used  at  TonaivntKln. 


has  been  placed  about  the  cylindrical  electric  motor,  getting  a 
large  bearing  surface  aiKi  increasing  the  efficiency  accordingly. 
At  the  test  made  at  the  Trenton  Iron  Works  this  motor,  using  a 
.^  horse-power  Storey  motor,  wound  for  500  volts,  and  going  at 
the  rate  of  2  3  miles  per  hour,  pulled  800  {wnnda  when  having 
the  use  of  only  220  volts.  Tliis  shows  a  remarkable  efficiency, 
which  is  due  to  the  meclianical  principlea  utilized,  viz.,  hauling 
the  motor  along  by  a  fixed  rope,  attached  to  a  capstan  operated 
by  practically  a  winch. 

The  uses  to  which  this  method  of  telpherage  can  be  pat  are 
so  numerous  that  I  will  not  attempt  to  give  descriptions  of  plans 
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that  have  been,  and  are  now,  being  made  for  various  parties,  for 
such  services  as  fortification  work,  rice  culture,  mining  plants, 
ship  building  and  sewer  excavating  plants.  I  will  confine  my 
descriptions  to  completed  work. 

Possibly  the  most  universally  serviceable  application  that  has 
been  made  of  the  system  is  traversing  motors  with  double  hoist- 
ing drums  for  quarry  purposes.  These  motors  are  to  go  on  700 
feet  span  cableways.  Each  of  these  cableways  has  one  end 
stationary  and  the  other  is  movable  on  a  curved  track.  They  are 
designed  to  lift  10,500  pound  rocks  at  the  rate  of  50  feet  per 
minute  and  traverse  at  the  rate  of  300  feet  per  minute.  At  a 
test  at  Trenton  made  upon  a  temporarily  erected  cable  way  we 
raised  6,000  pounds,  and  ran  on  the  cable  at  the  rate  of  ten 
miles  per  hour,  part  of  the  time  going  up  a  grade  of  over  15 
percent.  There  will  l)e  no  difficulty  in  these  motors  raising  over 
10,500  pounds  and  running  300  feet  per  minute.  A 15  horse-power 
Storey  motor  is  used.  The  rheostat  reverses  the  motor  and 
regulates  the  speed.  A  band  brake  also  is  used  to  regulate  the 
stopping.  This  is  controlled  by  a  lever  in  front  of  the  motor- 
man.  There  is  a  safety  brake  to  be  used  in  case  the  band  brake 
should  fail.  This  is  operated  by  a  wheel.  The  shoe  of  this 
brake  clamps  the  upper  cable.  It  is  attached  to  the  car  proper, 
and  with  the  wheel  handle  oscillates  with  the  carriage  as  it 
climbs  or  descends  grades.  A  lever  in  front  of  the  motorman  is 
used  to  control  the  speed  of  the  drums  that  raise  and  lower  the 
skip.  A  friction  clutch,  controlled  by  a  wheel  handle,  discon- 
nects the  traversing  sheave  gear  and  engages  the  hoisting  drums 
or  vice-versa. 

In  a  place  within  reasonable  distance  of  an  electric  ])lant  hav- 
ing surplus  ])ower,  these  electric  cable  hoists  can  be  erected  and 
operated  for  a  comparatively  sniall  cost.  In  contracting  work, 
where  electric  lights  are  also  used,  these  cable  cmnes  can  be  used 
to  great  advantage.  In  other  places  the  small  generating  plant 
necessary  to  operate  these  motors  will  add  but  little  to  the  ex- 
pense of  an  outfit. 

Those  who  think  that  electrical  machinery  is  of  such  a  delicate 
nature  that  it  is  onlv  serviceable  for  cities  of  advanced  civiliza- 
tion,  should  go  to  the  Dismal  Swamp,  and  see  a  so-called  dainty 
machine  doing  as  rough  and  dirty  work  as  any  service  to  which 
a  machine  could  be  put.  He  would  see  the  laborers,  over  their 
knees  in  mud,  sawing  down  giant  trees,  and  hear  the  woodsman 
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sing:  '"Stand  from  under,  she's  saying  good-by  to  her  neigh- 
bore."  Witli  a  crash  that  tlirows  mini  and  water  Iiigh  into  tlie 
air  a  tree  will  fall  and  till  a  space  with  broken  limbs,  embedding 


Fia.  7.    Loadnl  Crane  un  Cable. 


itself  welt  into  the  mire.  Tliis  means  work  for  the  motor.  Logs 
are  to  l)e  drawn  from  their  beds,  and  when  the  ammeter  in  the 
generator  room  on  the  scow,  for  an  instant  runs  up,  possibly  ta 
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a  point  of  overload,  it  is  the  motor  overcoming  the  suction  in 
drawing  out  a  buried  log.  With  the  voltmeter  tttaoding  at  320 
ToltB,  yoa  would  see  the  needle  momentarily  go  to  35  ampeires 
and  then  drop  to  about  from  10  to  16,  depending  upon  the  size 
of  the  log.  As  the  cone  over  the  end  of  the  log  strikes  a  stomp 
or  a  cypress  knee,  the  needle  S.\es  to  about  20  and  then  back,  and 
as  the  log  dives  off  from  an  obstruction  it  inav  be  croBsiiig,  the  cor- 


Fro.  8,     Ciniic  Molors  lm  S],:^.. 

rent  drops  to  zero  momentarily.  Finally  when  the  log  reaches 
the  tail-tree,  about  '20  amperes  is  recorded  as  the  log  rises  from 
the  ground  and  hangs  suspended  by  the  hauling  cable.  This 
cable  is  reeved  through  a  sheave,  wliich  is  attached  to  the  tail-tree 
fifty  or  more  feet  from  the  ground. 

After  a  number  of  logs  are  drawn  to  the  tail-tree,  they  are 
transported  over  the  cableway  to  the  terminal  on  the  banks  of 
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the  canal.     Keading  the  ammeter  ae  the  tofi; 
start  at  about  5  then  go  up  to  12  or  14,  as  it 


^'EKioe  Alotor  working  id  Swsnip. 


saddles,  then  go  down  to  5  again.     In  this  proceee  of  transporta- 
tion, one  end  of  the  log  is  suspended  by  a  car  on  the  cahle.  The 
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end  of  the  log  is  raised  from  the  ground  by  holding  fast  the 
bight  of  the  grip-block  rope  and  going  ahead  with  the  motor. 
The  block  is  attached  to  the  car,  when  the  same  results  are  pro- 
duced, as  if  the  power  was  applied  to  the  rope  direct.  When 
the  end  of  the  log  has  been  raised  to  the  proper  ^evation,  the 
grip  holds  it  from  falling,  and  the  rope  is  coiled  and  placed  on 
the  tongs  which  holds  the  log,  and  after  getting  a  couple  of  cars 
loaded  you  are  ready  to  carry  your  valuable  logs  from  one  of 
nature's  worst  fastnesses  to  a  point  where  they  become  valuable 
to  mankind. 

The  question  has  been  asked,  "do  you  require  expert  help 
about  these  logging  plants  ? "  In  answer,  I  would  say  that  I  am 
satisfied  with  my  superintendent.  He  has  spent  his  life  in  swamp 
logging,  and  has  had  no  chance  for  education,  much  less  scientific 
studies.  When  I  assembled  the  generator,  the  first  time  that  I 
put  up  the  plant,  he  put  on  a  pair  of  rubber  gloves,  not  wishing 
to  nin  any  chances  of  getting  a  shock,  even  if  there  was  no  fire 
in  the  boiler.  While  testing  the  plant  a  fuse  blew  out  on  the 
generator,  and  one  of  my  negro  help  started  on  a  run  into  the 
swamp  and  never  returned  again  to  work.  I  afterwards  heard 
that  he  stated  :  "  Mr.  Lamb  can't  fool  dis  nigger,  I  done  worked 
on  the  government  dredge  boat,  and  knows  what  a  dynamite 
machine  is." 

In  spite  of  the  lack  of  electrical  information  of  the  .'logging 
crew,  no  inconvenience  has  been  occasioned  on  that  account.  All 
features  of  insulation  are  provided  for  before  the  plants  are 
shipped.  An  ordinary  steam  engineer  accjuires  quickly  the 
necessary  information  for  running  the  dynamo.  The  motor  is 
shipped  with  all  parts  adjusted,  and  the  extent  of  the  motorman's 
duties  is  simply  to  push  the  handle  of  the  rheostat  according  to 
the  direction  he  wishes  to  go. 

The  light  first  cost,  the  high  efficiency,  the  ease  with  which  it 
can  be  operated  by  ordinary  mechanics,  portend  for  this  system 
an  important  place  among  the  useful  applications  of  electricity 
of  this  century. 
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Discussion. 

The  President: — This  paper  presents  a  very  novel  branch  of 
our  profession,  one  that  few  of  us  Iiave  paid  much  attention  to, 
and  it  is  interesting,  I  think,  to  note  the  fact  that  the  simple 
metliods  of  the  trolley,  that  is  the  simple  current-carrying  wire 
from  which  the  current  returns  by  a  ground  or  cable  which  is 
grounded,  have  replaced  the  earlier  method  of  telpherage  in 
which  the  sections  were  alternately  positive  and  negative,  and 
as  Mr.  Lamb  poihted  out,  require  the  train  of  telpherage  cars  to 
bridge  across  from  one  to  the  other.  That  seems  to  be  a  radical 
improvement  and  enables  a  much  simpler  mechanical  construc- 
tion to  operate  successfully  with  the  electrical  conditions.  In 
fact  I  should  think  that  limitation  of  telpherage  requiring  a  long 
train  of  telpherage  cars  to  be  operated  in  all  cases  was  a  very 
serious  one  as  Mr.  Lamb  indicated,  and  would  naturally  prevent 
its  general  introduction.  But  the  very  simple  methods  employed 
by  nim  which  have  been  very  clearly  and  completely  set  fortli,  I 
think  will  be  appreciated.     The  subject  is  open  for  discussion. 

Mr.  Townsend  Wolcott  : — I  would  like  to  ask  Mr.  J^mb  a 
question.  I  suppose  that  the  insulation  resistance  of  300,000 
megohms  is  meant  for  300,000  ohms,  isn't  it  ? 

Mr.  Lamb: — That  is  from  the  expert's  report. 

Mr.  WorxjoTT : — 300,000  megohms  i 

Mr.  Lamb  : — I  recognize  that  a  megohm  is  a  million  ohms. 
That  is  copied  from  his  report. 

Mr.  Woixjott: — It  would  be  interesting  to  know  how  he 
makes  it  so  many  thousand  megohms.  May  I  ask  what  the 
efficiency  of  the  worm  gear  was  ? 

Mr.  Lamb  : — I  think  we  lost  about  50  per  cent,  by  the  worm. 

Mr.  Wolcott  : — You  think  the  worm  gear  lost  about  50  per 
cent? 

Mr.  I^amb: — Yes  sir.  We  lost  power  not  only  from  the  fact 
that  we  used  a  worm  gear  but  also  from  the  fact  that  we  had  100 
per  cent,  more  weight. 

Mr.  Wolcott  : — I  mean  what  is  the  efficiency  of  the  whole 
niotor  with  the  worm  gear.  You  say  the  efficiency  of  the  whole 
motor  with  the  spur  gear  is  50  per  cent,  greater  than  the  worm 
gear. 

Mr.  Lamb  : — We  figured  that  we  had  an  absolute  loss  of 
efficiency  of  about  50  per  cent,  on  account  of  our  worm  gear. 
We  doubled  the  capacity  of  our  motors  by  changing  to  direct 
gear  due  to  the  fact  that  we  get  a  very  much  better  general 
arrangement  with  less  friction  on  other  parts,  and  also  we  get  a 
very  much  lighter  motor.  We  had  however  only  220  volts  and 
the  motor  was  wound  for  500  volts,  so  we  could  not  get  an 
exact  record  for  that  particular  motor. 

The  President  : — Do  you  reckon  that,  Mr.  I^mb,  the  im- 
proved arrangement  consumed  very  much  less  current  i 

Mr.  Lamb  : — It  consumed  very  much  less  current.     Of  course 
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the  voltage  in  both  cases  was  different,  but  taking  the  watts  it 
shows  a  very  much  better  efficiencv. 

Thb  President  : — That  is  a  perfectly  good  method  of  reckon- 
ing it,  much  better  perhaps  than  some  abstract  mechanical  test 
of  the  efficiency  of  gearing. 

Are  there  any  other  remarks  on  this  subject  ?  It  is  certainly 
one  which  deserves  discussion. 

Mr.  Charles  P.  Steinmetz  : — There  is  one  point  I  want  to 
find  out  more  about.  It  is  stated  here :  ^^  At  the  test  made  at 
the  Trenton  Iron  Works  this  motor,  using  a  5  horse-power  Storey 
motor,  wound  for  500  volts,  and  going  at  the  rate  of  2.3  miles 
per  hour,  pulled  800  pounds  when  having  the  use  of  only  320 
volts.  This  shows  a  remarkable  efficiency."  I  do  not  see  that 
it  shows  any  efficiency  at  all  since  no  current  is  given.  The 
current  has  to  be  known  to  get  the  efficiency,  and  since  it 
is  not  given,  the  statement  made  in  the  paper,  on  the  remark- 
able efficiency,  is  not  proven. 

Mr,  Lamb  : — I  could  insert  there  the  amperes.  It  amounted 
to  5  horse-power  when  you  take  into  account  220  volts. 

Mr.  Steinmetz's  question  can  be  answered  in  this  way.  That 
motor  was  wound  for  five  horsepower  and  it  pulled  800  pounds 
going  at  the  rate  of  2.3  miles  an  hour.  No  relative  statement 
of  emciency  was  made,  but  it  showed  a  most  marked  efficiency 
and  gain  over  the  other  motor  which  never  could  have  pulled  800 
pounds  at  2.3  miles  an  hour  with  the  same  amperes  and  voltages. 

Mr.  Steinmetz: — It  merely  shows  that  the  second  motor  has  a 
larger  capacity,  or  larger  power  than  the  first,  but  gives  nothing 
regarding  the  efficiency,  as  long  as  the  actual  amperes  are  not 
recorded. 

The  President  : — Have  you  any  figures  Mr.  Lamb,  in  regard 
to  the  actual  current  input  i 

Mr.  Lamb: — I  can  give  the  amperes,  but  I  have  not  them  here. 

The  President  : — Mr.  Steinmetz  brings  up  the  point  that  you 
cannot  calculate  back  from  the  result  you  have  got ;  that  begs 
the  question  ;  that  you  have  got  to  have  the  actual  figures  of  in- 
put and  output.  You  have  me  figures  of  output,  but  you  must 
also  have  the  figures  of  input  in  order  to  calculate  the  efficiency. 

Mr.  Joseph  Sachs: — I  believe  Mr.  Lamb  should  give  us  the  ef- 
ficiency of  the  machine  from  the  input  at  the  motor  to  the  actual 
pull  and  work  done  in  moving  along  the  cableway  by  that  same 
motor.  The  spur  gear  and  motor  efficiency  can  easily  be  ap- 
proximated. It  would  be  interesting  to  hear  something  about 
the  work-doing  ability  (»f  his  elliptically  grooved  cable- drawing 
sheave,  which  constitutes  one  of  the  basic  elements  of  this  sys- 
tem. I  have  been  interested  in  this  subject  for  some  time  and 
have  heard  a  great  many  opinions  pro  and  con  regarding  that 
sheave,  and  I  would  like  to  hear  from  Mr.  Lamb  personally  re- 
garding its  effi.ciency  and  also  the  wear  and  tear  upon  the  pulling 
cable.     If  we  can  approximate  the  losses  in  those  two  elemento 
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we  can  get  quite  cloee  to  the  total   efficiency  of  the  complete 
machine. 

Mr.  Lamb  : — Mr.  Sachs^  point  is  well  put.  The  efficiency  of 
the  elliptically  grooved  sheave  is  a  very  important  feature  of 
this  form  of  cableway.  The  electric  motor,  of  which  you  have 
seen  the  picture,  operating  in  the  swamp,  has  been  running  for 
about  a  year  and  a  half  and  I  do  not  see  any  wear  on  that  cable. 
If  you  had  that  same  cable  winding  up  on  a  drum,  you  would 
have  a  grinding  effect  and  it  would  be  increasing  in  size  and 
lessening  in  size  and  winding  over  itself  all  the  time,  and  there 
would  be  more  wear  upon  it  than  if  there  is  simply  a  couple  of 
turns  that  play  upon  this  ellipticallv  grooved  sheave  which  is 

fuided  and  Kept  from  riding,  one  cable  on  the  other,  by  rollers, 
do  not  see  any  reason  why  that  cable  should  not  last  for  four  or 
live  years  at  least,  without  any  material  wear  at  all.  It  is  an 
inexpensive  piece  of  mechanism  anyway.  In  regard  to  the  matter 
of  the  exact  efficiency,  which  probably  ought  to  have  been  spoken 
of  lirst,  I  cannot  give  the  facts,  for  the  reason  that  we  had,  as  I 
stated,  a  motor  wound  for  500  volts,  and  we  only  had  220  volts 
current. 

AIr.  Sachs: — You  got  a  certain  amount  of  energy  laid  up  by 
drawbar  pull,  feet  per  minute  or  feet  per  second,  whichever  way 
you  might  take  it,  or  miles  per  hour,  and  what  I  am  trying  to 
get  at,  and  what  1  think  Mr.  Steinmetz  would  like  to  get  at,  is 
simply  the  approximate  energy  from  the  input  energy,  and  the 
actual  work  and  output  done  by  the  machine.  We  have  two  hets 
of  spur  clearing  there.  We  can  approximate  their  efficiencies, 
and  you  liave  got  the  cable  pulling  sheave  which  we  cannot  ap- 
proximate, because  we  do  not  know  the  exact  facts,  which  you 
can  probable  give  us.  There  must  be  more  or  less  loss  there,  and 
probably  a  good  deal,  because  your  whole  tractive  effort  must  he 
gotten  between  that  sheave  and  the  cable.  You  must  get  slip 
there,  and  you  must  get  wear  and  tear  on  the  wheel  and  on  the 
cable  both.  I  think  if  we  can  get  those  two  points  we  can  get 
very  nearly  at  what  we  are  driving  at.  The  fact  that  the  motor 
ran  at  22()  volts  simply  shows  that  it  ran  slower,  and  when  it  re- 
ceives 500  it  would  run  faster. 

Mr.  Lamb  : — Mr.  Sachs  can  get  the  information  he  wants  from 
the  Superintendent  of  Public  Works'  expert  electrician,  Mr. 
Barnes's  report  on  the  Tonawanda  test  as  to  the  first  motor.  We 
have  not  got  the  full  data  for  the  second. 

Mr.  Elias  E.  Ries: — It  seems  to  me  that  this  whole  discus- 
sion is  greatly  out  of  place.  1  do  not  think  there  is  a  gentleman 
present  in  this  room  to-night  but  who  upon  viewing  the  diagrams 
which  we  have  seen  upon  the  screen  can  see  the  whole  operation 
very  clearly  and  make  due  allowance  for  such  losses  as  are  likely 
to  take  place  in  such  an  installation.  It  seems  to  me  we  have  a 
new  proposition  to  deal  with  this  evening,  that  is  to  say,  a  method 
of  transportation   or  of  conveyance  by  means  of  an  overhead 
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motor  carriage  suepended  from  a  cable.  So  far  as  the  eflSeieney 
of  motors  is  concerned,  we  all  know  pretty  well  what  they  are 
capable  of.  Whether  thig  iirst  motor  has  reached  the  stage  which 
is  within  practical  range  to-day  or  not,  is  a  question  of  very  little 
importance.  The  only  new  features  so  far  as  losses  are  concerned 
which  we  have  to  contend  with  in  this  matter,  it  seems  to  me, 
are  those  involved  in  the  frictional  winding  of  the  cable  upon 
the  drum  and  the  constant  ascending,  you  may  say,  of  the  carriage 
upon  the  cable,  which  has  already  been  referred  to,  and  the 
losses  due  to  the  particular  kind  of  gearing  which  are  necessarily 
introduced.  All  of  these  things,  as  has  been  stated  by  a  previous 
speaker,  can  no  doubt  be  eliminated  more  or  lees  with  further 
progress  in  this  direction.  The  construction  of  the  line,  etc., 
will  probably  introduce  some  improvements  later  on,  and  so  the 
questions  of  efficiency  are  very  minor  questions  as  compared  with 
tne  new  results  produced. 

It  occurred  to  me,  while  Mr.  Lamb  was  reading  his  paper,  that 
if  this  system  is  as  successful  as  his  statements  seem  to  indicate, 
that  it  might  be  extended  to  a  great  many  other  applications  than 
that  to  which  he  already  has  applied  it.  For  instance,  some 
modification  might  be  devised  for  the  purpose  of  using  such  a 
system  for  ordinary  conveying,  excavating  and  such  work  as  that, 
in  which  this  motor,  if  you  are  going  to  use  a  motor  suspended 
from  the  carrying  cable  to  propel  itself  by  a  traction  cable  coiled 
around  its  own  drum,  may  be  provided  with  a  supplemental 
drum  operated  by  that  same  motor,  while  stationary,  for  the  pur- 
pose of  raising  and  lowering  cars  and  boxes  tilled  with  excavated 
material,  and  tiien  when  they  are  raised,  the  main  propelling  motor 
can  be  switched  in  and  material  so  excavated  can  be  carried  off 
to  a  distance.  That,  for  instance,  is  one  application  that  suggested 
itself  to  me  this  evening  while  listening  to  Mr.  Lamb's  paper. 
And  then  it  seems  to  me  that  it  might  be  applied  to  a  good  many 
other .  purposes,  for  instance  in  agriculture.  Of  course  those 
things  would  require  more  or  less  development ;  but  the  point  I 
wish  to  make  is  that  what  the  Instituie  ought  to  discuss,  if  they 
discuss  the  matter  at  all,  should  be  with  regard  to  the  possibili- 
ties of  this  system  of  cableways  which  Mr.  Lamb  has  explained, 
and  not  harp  upon  the  merely  minor  points  of  efficiency  or  lack 
of  efficiency,  because  those  are  well  known  things  that  we  can 
deal  with  without  that  discussion. 

Mr.  Mailloux  : — I  am  not  so  much  interested  in  the  efficiency 

f)art  of  the  problem  as  I  am  in  the  insulation  part,  and  I  would 
ike  to  know  something  more  about  the  fibre  insulation  which 
Mr.  Lamb  says  he  has  used  with  success.  Some  ten  years  ago 
there  was  a  system  of  electric  railway  signaling  in  operation  on 
Staten  Island,  which  system  comprised  a  small  dynamo  on  the 
locomotive,  and  required  the  rail  to  be  cut  into  sections  or  blocks 
and  insulated.  I  was  called  in  consultation  in  connection  with 
the  matter  with  a  view  to  overcome  very  many  difficulties,  (one 
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of  which,  by  the  way,  was  the  capacity  of  the  apparatus  to  do 
work  under  all  conditions,  such  as  the  vibration  of  the  car, 
etc.),  although  the  principal  difficulty  was  that  of  maintaining  the 
insulation  of  the  track  and  of  keeping  the  sections  electrically 
separate  and  distinct.  I  think  that  every  material  under  the  sun 
that  seemed  at  all  available  was  tried,  and  everyone  of  them 
failed.  Fibre  was  the  last  resort  and  many  experiments  were 
made  with  all  kinds  of  libre,  and  used  under  all  conditions,  even 
made  specially,  but  we  could  never  depend  upon  it.  The  best 
results  were  obtained  when  the  fibre  was  in  tne  form  of  plates 
inserted  between  the  fish-plates,  with  bushings.  Very  particular 
care  was  taken  in  designing  the  mechanical  parts  of  the  outfit  so 
as  to  make  it  absolutely  stiff  and  to  avoid  the  slightest  motion. 
But,  as  everyone  familiar  with  railroading  knows,  it  is  impossible 
to  make  any  sort  of  a  mechanical  joint  in  a  rail  as  good  as  a  rail 
that  has  no  joints.  That  is  the  reason  why  welding  has  been  in- 
troduced, so  as  to  make  continuous  rails.  In  a  short  time,  in  fact, 
a  very  short  time,  the  material  would  give  out  mechanically,  be- 
come abraded  and  worn  and  would  absorb  moisture.  The  in- 
tegrity of  the  fibre  would  be  destroyed  and  it  would  no  longer 
serve  its  purpose  as  an  insulator.  I  very  much  fear  that  some- 
thing like  that  is  likely  to  occur  with  any  known  form  of  insul- 
ator subject  to  severe  mechanical  strains ;  and  that  is  the  reason 
why  after  having  known  of  fibre  being  used  without  success  in 
all  forme  and  varieties  as  it  was  known  up  to  seven  years  ago,  I 
would  like  to  have  some  further  information  about  the  kind  of 
fibre  which  is  now  being  used  with  success. 

As  to  the  difficulty  referred  to  by  another  speaker  of  measuring 
800,000  megohms,  I  may  state  for  his  information  that  it  is  not 
such  a  very  difficult  matter  to  measure  300,00u  megohms.  I  had 
to  do  it  in  two  places  in  Europe  this  summer,  and  in  both  cases 
it  was  done  without  any  difficulty  and  without  any  elaborate  ap- 
paratus. In  one  case  we  had  no  difficulty  in  getting  3,750 
megohms  per  volt  with  the  ordinary  double  static  Thomson  gal- 
vanometer (of  German  make)  and  the  scale  used  (with  reflected 
light)  set  at  about  a  metre  and  a  half  distance.  In  the  other  case 
we  used  the  Rosenthal  galvanometer  with  the  scale  about  3.5 
metres  distant  and  the  readings  made  by  a  telescope.  I  find  it 
can  also  be  done  even  in  my  own  office  at  the  fourteenth  story  of 
a  modern  ''  iron-cage"  office  building,  with  an  ordinary  D'Arson- 
val  galvanometer  having  a  much  lower  figure  of  merit,  (showing 
only  about  1,000  megohms  per  volt).  But  in  that  case  I  use 
higher  voltage.  I  use  a  small  Crocker- Wheeler  motor  dynamo 
that  can  give  me  from  200  up  to  6('0  volts,  and  it  is  only  a 
question  of  "  piling  on  the  pressure "  until  you  "  get  there." 
With  a  hundred  volts  it  will  measure  100,000  megohms,  and 
with  higher  voltage  we  find  no  difficulty  in  getting  up  to  400,000 
megohms.  The  outfit  is  used  very  often,  for  insulation  measure- 
ments,  especially  for  testing  the  insulation  of  high  grade  rubber 


570  LAMB  ON  KLECTRIC  CABLBWAYS,  [Oct.  27, 

<30vered  wires,  and  it  has  always  worked  with  satisfaction,  while 
it  has  the  merit  of  enabling  the  measurements  to  be  made  with 
relatively  short  sample  pieces  such  as  would  give  no  reading  with 
lower  pressures. 

Mr.  Joseph  Sachs: — The  question  of  insulation,  it  appears  to 
me  is  one  that  takes  very  much  the  same  form  as  the  question  of 
efficiency ;  that  if  it  does  not  work  now  it  can  be  mane  to  work 
later  on.  I  think  that  if  Mr.  Lamb  has  not  got  the  proper  kind 
of  insulation  now,  a  little  further  experimenting  will  produce  it. 
Now  the  question  of  efficiency  is  another  one.  Quite  true,  it 
cuts  no  iigure  in  the  present  development.  When  you  haul  logs, 
as  Mr.  Lamb  says,  you  have  no  competitor.  A  system  of  this  or 
similar  nature  opens  u|)  previously  inaccessible  regions  where 
other  methods  would  fail  entirely.  Much  of  this  success  depends 
on  the  fact  that  weight  is  not  used  for  tractive  effect?.  The  canal 
boat  hauling  problem  is,  however,  one  in  which  there  are  many 
competitors  and  not  by  any  means  the  least  is  the  humble  mule. 
Then  we  have  steam  canal  boats,  and  various  methods  of  elec- 
trical boat  propulsion  on  canals  such  as  the  Erie,  which  forms 
only  a  part  of  the  complete  route.  '1  hese  and  other  considera- 
tions are  of  the  utmost  importance.  There  are  at  least  a  score  of 
electrical  and  mechanical  methods  for  this  purpose.  Efficiency 
is  a  very  important  factor  in  all  when  they  are  being  exploited 
to  compete  with  other  methods.  Aside  from  efficiency  Mr. 
Lamb  might  tell  us  why  his  system  is  superior  to  other  similar 
liauling  systems  several  of  which  will  suggest  themselves.  It 
may  be  interesting  to  note  anc^ther  point  which  is  interesting  and 
perhaps  quite  as  important  as  efficiencies  or  insulations ;  that  is 
the  regulation  and  control  of  the  motor.  When  a  motor  of  the 
type  here  described  is  used  for  log-hauling  it  is  essential  that  the 
operator  should  be  right  at  the  motor  and  is  therefore  seated  on 
the  carriage  as  it  would  be  inadvisable  to  place  .him  elsewhere. 
In  this  position  he  has  all  switches  right  at  hand.  Boat  hauling, 
however,  brings  in  another  consideration.  Unquestionably  the 
hauling  method  is  the  superior  method  of  boat  operation  in  nar- 
row water  ways  and  far  surpasses  any  propeller  method.  Mr. 
Lamb  will  probably  remember  a  little  discussion  that  we  had 
some  years  ago  regarding  whether  the  motor  ought  to  be  regul- 
ated by  a  man  upon  the  carriage  itself  or  whether  that  motor 
ought  to  be  regulated  from  the  boat.  I  am  glad  to  see  that  Mr. 
Lamb  has  come  around  to  my  way  of  thinkmg  although  he  has 
not  adopted  my  method.  Our  co-member,  Mr.  Martin,  and  my- 
self, some  years  ago  spent  some  time  in  writing  "  Electrical  Boats 
and  Navigation.''  We  succeeded  in  making  some  prophecies  and 
one  of  them  was  that  the  most  feasible  method  of  operating  CAnal 
boats  was  to  haul  them  and  to  regulate  from  the  boat.  JSlow  the 
method  adopted  by  Mr.  Lamb  comes  to  that  point.  It  does  away 
with  the  man  upon  the  motor  itself  and  probably  saves  his  pay, 
which  in  the  long  run  amounts  to  something,  as  the  hauling  of  a 
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boat  through  the  Erie  Canal  takes  several  days.  The  method  he 
describes,  liowever,  while  far  superior  to  the  man  being  placed 
upon  the  motor,  has  objections,  and  one  of  them,  wliich  I  would 
like  to  ask  him  about,  is  what  happens  when  the  motor  slows  in 
speed?  The  hauling  rope  undoubtedly  slacks  up,  and  certainly 
the  regulating  rope  is  similarly  affected.  There  are  various  other 
times  when  similar  conditions  occur,  and  the  boat  will  probably 
stop  owing  to  the  cessation  of  current  in  the  motor.  A  method 
which  seems  to  be  more  correct  and  devoid  of  the  objections  to 
the  other  has  the  regulator  and  switch  upon  the  boat  itself.  Sys- 
tems of  electrically  hauling  canal  boats,  wagons  and  logs  have 
been  experimented  with  ftr  probably  the  past  fifteen  years. 
Messrs.  Ayrton  and  Perry  were  amongst  the  pioneers  in  this  di- 
rection. Aside  from  boat  and  log  haulage  other  applications 
were  suggested.  In  one  of  these  such  hauling  motors  running 
up  in  a  small  suspended  track  or  wireway,  are  connected  by 
ropes  or  chains  to  wagons  on  the  common  roads.  A  recent  in- 
stallation now  being  experimented  with  contemplates  the  opera- 
tion of  electric  motor  wagons  on  common  roaos,  current  being 
supplied  by  an  adjacent  conductor.  A  hauling  motor  method, 
however  has  advantages,  as  any  wagon  may  be  hauled.  The  util- 
ization of  such  carrying  methods  in  quarries  I  believe  is  now 
being  attempted  by  Mr.  Lamb,  and  in  conjunction  with  the 
motor  carriage  a  hoist  is  used. 

Mb.  Joseph  Bijur  : — Recently  I  visited  a  country  where  con- 
siderable lumbering  is  being  done,  and  I  noticed  that  the  lumber- 
ing is  largely  confined  to  the  water-ways,  and  that  they  bring 
some  of  the  more  distant  logs  to  the  water  by  skidding  them  over 
frozen  brooks  and  slides  in  the  winter. 

It  would  seem  that  any  method  by  which  logs  could  be  brought 
to  water-ways  would  be  very  valuable,  but  there  appears  to  be 
this  objection  to  the  system  which  Mr.  Lamb  has  just  explained, 
namely,  that  perhaps  the  eableway  has  not  sutiicient  capacity  for 
<5arrying  logs  to  convenient  water-ways  to  make  it  worth  while 
erecting  the  lines.  That  is,  as  to  the  eableway  shown  on  the 
screen  to  night,  the  car  would  take  one  or  more  logs  from  wher- 
ever the  lumoer  was  cut,  to  the  end  of  the  line,  and  then  perhaps 
come  back  and  again  carry  a  limited  number  of  logs  to  the  end 
of  the  line. 

If  that  were  the  case  I  should  think  that  the  capacity  of  the 
line  would  be  small,  unless  it  was  so  arranged  that  a  number  of 
cars  should  follow  each  other  successively  around  in  a  circle.  I 
should  like  to  hear  from  Mr.  Lamb  whether  there  is  any  method 
for  overcoming  that  apparent  objection. 

Mr.  Lamb: — The  number  of  logs  hauled  per  day  is  only  lim- 
ited by  the  amount  of  capital  put  into  the  plant.  If  you  build  a 
large  enough  generator  and  put  your  cabieway  on  both  sides  of 
the  tree,  your  empties  go  out  and  your  loaded  come  in  and  you 
can  bring  in   as   many  logs  as  you  wish.     But  I  do  \io\.  ^^tw\.  \^^ 
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have  it  understood  that  I  have  ever  anticipated  that  this  system 
for  logging  would  supplant  the  regular  logging  railroads  where 
you  have  to  go  a  very  long  distance.  The  number  of  logs  that 
you  would  ham  by  such  a  system  would  make  the  system  ineffi- 
cient. It  is  only  for  short  distances.  We  do  not  recommend  it  for 
over  two  miles.  But  the  fact  of  the  case  is  that  I  have  tried 
eyery  form  of  logging,  to  load  the  logs  after  felling  them  and 
putting  them  on  the  cars  in  order  to  carry  them  to  the  mills,  and 
there  is  not  a  system  in  existence  to-day  that  in  actual  practice 
logs  over  an  average  distance  of  500  feet,  with  the  exception  of 
the  **  pull  boat "  system,  which  is  simply  a  large  double  drum 
engine  that  winds  in  and  pays  out  a  cable  reeved  about  a  large 
sheave  anchored  into  the  swamp.  Tongs  are  attached  to  the 
cable,  which  engage  logs,  which  are  hauled  in  over  the  ground, 
tearing  everytlnng  before  them,  including  sometimes  the  cable 
itself.  This  system  is  not  efficient.  They  do  not  haul  in  very 
many  logs  per  day.  What  we  are  after  is  to  get  a  system  that 
will  go  beyond  1200  feet  into  these  swamps  that  are  miles  deep. 
We  get  out  logs  near  Norfolk  that  have  been  standing  there 
for  centuries  that  bring  $20  a  thousand  feet  at  Norfolk  City. 
They  could  not  be  profitably  logged  heretofore.  But  to  go  into 
the  regions  that  uiy  friend  refers  to  and  compete  with  streams  and 
skidding  by  sleds  was  never  anticipated.  We  can  haul  a  large 
number  of  logs  from  a  reasonable  distance  by  having  a  large 
enough  plant  and  enough  motors. 

Mr.  ISteinmetz  : — Air.  Lamb  has  given  us  a  very  interesting 
method  of  canal  boat  propulsion.  But  I  would  like  to  ask  one 
question.  Why  do  we  need  two  heavy  cables  ?  Why  couldn't 
we  put  the  ordinary  trolley  line  over  the  canal  and  the  ordinary 
propellers  on  the  boat  i  We  know  all  about  the  propeller  and 
its  action  and  that  it  will  propel  the  boat,  and  that  the  motor  will 
run  the  propeller.  Why  have  these  heavy  cables  instead  of  the 
ordinary  trolley  ? 

Mr.  Lamb: — I  would  refer  Mr.  Steinmetz  to  Mr.  Sachs'  and 
Mr.  Martin's  work  on  the  subject,  which  is  excellent  and  ex- 
haustive, and  proves  that  the  trolley  propeller  is  a  very  inefficient 
way  of  doing  the  business. 

Mr.  T.  C.  Martin: — There  is  another  point  ])esides  efficiency. 
As  I  understand  it  the  objection  of  putting  a  motor  directly  on 
the  dishpan  propeller  is  that  the  banks  of  the  canal  would  not 
stand  the  wash,  and  for  that  reason  the  application  in  that  form 
would  be  very  quickly  forbidden.  The  question  of  efficiency 
would  cut  no  hgure  there  at  all. 

Mr.  Sachs  : — Even  though  the  Legislature — the  present  one 
is  particularly  good  or  likes  to  appear  so — would  appropriate 
enough  money  to  bank  up  and  wall  up  the  canal  and  fix  it  so 
that  tlie  wash  would  not  do  any  injury  to  the  present  mud  bank, 
the  efficiency  differences  are  so  enormous  that  by  all  means  we 
want  to  adopt  something  to  pull  the  boat  instead  of  pushing  it 
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from  behind.  I  think  the  propulsion  of  boats  in  narrow  water- 
ways is  one  that  lias  been  gone  into  quite  exhaustively  and  found 
to  be  a  problem  a  little  different  from  the  propulsion  of  a  boat 
in  an  open  water,  and  that  problem  increases  very  severely  when 
you  go  to  push  that  boat  with  a  screw.  I  think  Mr.  Steinmetz 
nimself  will  appreciate  that  fact.  When  you  take  a  hauling 
motor  of  high  efficiency,  probably  as  Mr.  Lamb  will  get  his 
machine  down  to  a  single  reduction,  as  he  probably  hopes  to  get 
his  hauling  sheave  down  to  an  efficiency  of  possibly  90  per  cent. 
— with  a  motor  of  that  kind,  and  if  not  that  motor  some  other 
form  of  hauling  motor,  I  think  you  can  perhaps  get  twice  the 
efficiency,  if  not  more,  than  you  can  with  a  single  screw  propul- 
sion for  the  same  number  of  boats,  the  same  speed  and  the  same 
weight  carried  by  each  boat.  I  attempted  to  show  that  some 
time  ago,  and  succeeded  rather  poorly. 

Mr.  H.  Ward  Leonard: — 1  also  am  quite  interested  in  this 
question  of  the  insulation,  but  from  a  dinerent  standpoint,  as  I 
have  been  doing  some  experimenting  in  that  line  witn  an  insul- 
ating material,  which  it  seems  to  me  might  have  answered  for 
this  purpose.  I  have  recently  been  making  insulating  joints  in 
which  tne  two  parts  of  the  insulating  joints  are  held  together 
with  enamel,  ana  it  seems  to  me  that  it  has  the  features  which 
are  described  in  this  paper  as  necessary,  as  being  non-absorbent 
of  moisture  and  of  hign  insulation,  and  having  sufficient  strength 
to  stand  the  strains  that  were  brought  upon  it  mechanically. 

Mr.  Mailloux  : — 1  would  like  to  ask  Mr.  Leonard  if  that 
material  has  elasticity.  I  think  that  is  the  principal  physical 
qualification.  It  must  have  in  addition  to  insulation  a  certain 
amount  of  elasticity. 

Mr.  Leonard:— I  subjected  the  insulating  joints  I  speak  of 
to  very  severe  rapping  with  a  hammer,  while  they  were  holding 
the  weights  I  thought  they  would  meet  in  practice,  and  also  sub- 
jected them  to  all  flie  strain  we  could  put  upon  them  by  means 
of  a  wrench.  Of  course  it  must  be  borne  in  mind  that  there  is 
a  Yery  marked  diflference  between  enamel  for  such  use,  and  any- 
thing in  the  shape  of  moulded  glass.  The  strain  which  enamel 
will  stand  is  enormously  greater  than  what  the  mere  moulded 
glass  will  stand,  and  most  insulators  that  have  been  tried  and 
found  wanting,  in  the  way  of  vitrous  material,  have  been  in  a 
nvoulded  form,  and  they  have  not  the  same  strength. 

Mr.  E.  E.  TliEs: — I  wish  to  say,  since  the  discussion  has 
drifted  again  to  the  question  of  insulation,  that  a  number  of  years 
ago  I  had  occasion  to  insulate  the  connecting  rods  of  a  very 
powerful  steam  locomotive,  and  after  going  all  through  this 
question  in  my  endeavors  to  find  an  insulating  matenal  that 
would  stand  the  strain  of  such  heavy  work,  I  met  with  exactly 
the  same  difficulties  as  have  been  recited  here  this  evening.  1 
finally  adopted  a  new  method  of  insulating,  in  which  I  used  ord- 
inary vulcanized  fibre.     1  took  a  sheet  of  hard  fibre  about  three- 
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sixteenths  of  an  inch  thick,  bent  it  around  into  the  form  of  a 
circle,  and  by  means  of  liydranlic  pressure  forced  the  sheet  of 
insulation  between  the  brass  busliing  or  collar  which  titted  over 
the  driving  crank  of  the  locomotive  wheel,  and  the  opening  or 
hole  in  the  end  of  the  connecting  rod.  The  bushing,  which  iiad 
been  made  somewhat  longer  than  usual  and  prepared  with  a 
conical  or  tapered  end,  was  first  turned  down  a  trifle  to  reduce 
the  outside  diameter.  The  insulation  was  placed  within  the  hole 
of  the  connecting  rod  and  the  brass  bushing  was  then  forced  into 
place  so  as  to  leave  a  rigid  wall  of  insulation  between  it  and  the 
rod,  after  which  the  projecting  tapered  end  of  the  bushing  was 
turned  off  so  as  to  leave  the  bushing  of  the  proper  length.  That 
insulation  was  by  this  process  driven  in  so  hard,  under  such 
enonnous  pressure,  that  it  withstood  the  severe  mechanical  strain 
to  which  it  was  subjected  perfectly,  running  day  in  and  day  out, 
and  outlasted  the  ordinary  brass  bushings  which  are  usually 
placed  in  those  connecting  rod  ends.  The  insulation  was  also  tested 
electrically  at  quite  frequent  intervals  by  means  of  an  ordinary 
galvanometer  and  found  very  satisfactory,  scarcely  any  deflec- 
tion of  the  needle  being  noticeable.  An  incidental  advantage  of 
this  construction  was  that  the  side  rods  of  the  locomotive  ran 
much  easier  and  were  free  from  the  mechanical  vibration  or 
"  ring  "  which  formerly  characterized  them  when  in  operation. 

Now,  it  occured  to  me  that  instead  of  attempting  to  patch  up 
an  insulating  arm  such  as  Mr.  Lamb  is  using  to  support  his  trac- 
tion cable  by  inserting  a  flat  strip  of  insulation  between  the  metal 
of  the  arm  and  a  top  plate  which  must  necessarily  be  riveted  or 
dovetailed  or  held  on  in  some  such  way  as  that, — that  if  Mr. 
Lamb  will  follow  the  principle  which  I  have  adopted,  and  make 
his  rest  for  the  lower  cable  in  the  form  of  a  sleeve,  through 
which  can  be  passed  either  a  bolt  capable  of  being  screwed  into 
the  bracket,  or  the  cylindrical  end  of  the  bracket  itself,  this  bolt 
or  bracket-end  being  forced  into  the  sleeve  containing  the  insula- 
ting sheet  by  hydraulic  pressure,  that  he  will  get  such  a  firm 
job  that  it  cannot  possibly  be  displaced,  no  matter  what  weight 
might  be  placed  upon  it.  The  traction  cable  would  rest  upon 
the  up|)er  surface  of  this  insulated  sleeve,  which  could  be  in  the 
shape  of  a  supporting  saddle,  and  this  sleeve  or  saddle,  if  necess- 
ary, could  be  connected  directly  with  the  feeder  wires  or  with 
whatever  circuit  connections  might  be  required  to  complete  the 
installation. 

Mr.  Lamb: — The  trouble  in  that  case  would  be,  that,  placed 
on  the  side  of  the  saddle  that  the  cable  rests  upon,  it  cannot  be  in 
any  way  covered  and  it  would  be  exposed  to  water.  The  method 
that  we  are  using  is  the  simplest  thing  that  could  be  devised. 
This  cone-shaped  pin  (illustrating)  is  covered  with  half  an  inch  of 
insulation,  and  this  insulating  material  is  pressed  upon  the  pin 
at  a  pressure  of  100,000  pounds  to  the  square  inch ;    it  becomes 
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almost  like  a  solid  piece  of  iron.     Over  the  top  of  the  pin  the 
steel  saddle  fits.     The  cable  rests  on  the  top. 

Mr.  Ries  : — That  is  exactly  what  1  referred  to — a  plan  of  that 
sort.  It  is  immaterial  whether  you  have  it  in  the  shape  of  an 
umbrella  head — 

Mr.  Lamb: — It  has  to  be  moulded,  though.  We  cannot  mould 
fibre.     This  fibre  cannot  be  moulded ;  it  has  to  be  rolled. 

Mr.  Ries:— Of  course  such  a  substance  would  be  preferable 
but  at  that  time  there  was  no  such  substance  obtainable.  Yet  I 
obtained  very  excellent  results  I  was  under  the  impression  that 
T^x,  Lamb  had  not  yet  found  a  material  that  he  could  mould  to 
the  shape  he  desired  and  which  at  the  same  time  would  be  suffic- 
iently strong  to  answer  the  purpose. 

The  President  : — As  I  understand,  this  method  of  insulation 
you  employ  is  entirely  successful  ? 

Mr.  Lamb  : — Entirely  so. 

The  President: — I  think  this  discussion  is  entirely  out  of 
place.  Mr.  Lamb  has  already  a  successful  insulation.  Several 
members  of  the  Institute  have  been  instructing  him  in  connec- 
tion with  a  matter  he  has  already  solved,  and  apparently  better 
than  they  have. 

Mr.  Lamb: — This  insulation  is  non-hydrostatic.  You  can  throw 
water  on  it  and  no  two  drops  will  stand  together.  They  will 
all  separate  in  small  particles  over  the  whole  piece.  It  stoou  with 
a  halt  inch  thickness  on  one  of  those  pins,  a  pressure  on  the  top 
and  a  pressure  on  the  bottom  of  35,000  pounds  without  showing 
any  indication  whatever  that  it  had  had  any  pressure  upon  it,  or 
any  abrasion.  We  rolled  heavy  weights  over  it  and  it  was  in  no 
way  aflfected.  I  would  not  care  to  vouch  for  this  statement,  but 
a  gentleman  told  me  that  a  lot  of  this  insulating  material  was  put 
around  a  pebble  and  was  thrown  from  one  of  uie  high  buildings^ 
down  at  tlie  end  of  Broadway,  and  it  broke  in  two.  the  pebble- 
and  the  material,  just  as  though  it  were  one  kind  of  material. 

Mr.  a.  E.  Kbnnelly  : — I  would  like  to  ask  Mr.  Lamb  what 
is  necessary  to  be  done  in  the  case  of  a  break-down,  if  you  want 
to  put  the  motor  on,  or  take  the  motor  off  at  some  point  on  the 
line.  Is  it  necessary  to  start  at  the  beginning  of  the  line,  or  can 
you  take  up  14  feet  slack  at  any  point,  or  can  you  put  14  feet  in 
the  traction  line  at  will? 

Mr.  L^mb: — You  cannot  take  it  off  on  the  line.  You  have  to» 
pull  the  motor  to  the  terminal  to  get  it  off.  The  terminal  station* 
are  situated  at  intervals  along  the  line.  At  these  places  you  can 
take  the  motor  off.  You  can  pull  the  motor  along  without  ua- 
winding  the  cable  from  the  sheave  or  taking  it  off  the  cable. 

Mr.   Mailloux  : — Does  the  motor  ever  run  off  the  track  ? 

Mr.  Lamb: — If  it  could,  I  would  have  dropped  with  it  before 
this.  It  is  far  more  stable  than  a  surface  track  would  be,  as  the 
center  of  gravity  of  the  motor  is  below  the  bearing  rail,  and  deep 
flanges  are  on  both  sides  of  the  wheels. 
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Mr.  Sachs: — Mr.  President,  I  do  not  think  Mr.  Lamb's  motor 
ever  takes  any  notion  to  run  off  the  track,  and  I  think  tliat  is 
rather  one  of  the  features  that  militates  against  it  from  the  simple 
fact  that  it  is  mighty  difficult  to  take  it  off  the  track.  In  taking 
off  a  motor  from  the  track,  in  case  it  should  be  absolutely  essen- 
tial to  do  so,  say  for  instance  through  accident  at  some  intermed- 
iate points  between  terminals,  it  would  be  necessary  to  take  off 
the  pulling  sheave.  That  pulling  sheave  encircles  the  elliptieally 
grooved  wheel  say  two  or  three  times.  That  means  so  much 
slack  cable.  1  here  must  be  some  point  where  you  will  probably 
get  enough  slack  cable  to  make  it  necessary  to  stop  taking  the 
motors  off  the  line.  But  I  should  not  think  it  would  be  essential 
at  all  to  take  any  motors  off  the  line  on  a  system  of  that  kind, 
for  the  simple  reason  that  if  a  motor  should  break  down,  the 
motor  going  in  the  opposite  direction  would  push  that  broken 
down  motor  back  to  the  point  it  came  from,  and  the  next  motor 
coming  along  would  pull  the  waiting  boat  ahead.  So  1  think 
there  is  no  difficulty  there. 

Mr.  Paul  G.  Burton: — I  would  like  to  ask  Mr.  Lanil)  a 
question  about  the  wear  of  this  cable  in  the  sheaves.  The  method, 
as  I  understand  it,  is  simply  to  make  two  or  three  bights  right 
around  the  sheave  in  much  the  same  manner  as  they  are  using 
throughout  the  city  in  these  hoisting  engines — what  is  com- 
monly called  a  "  niggerhead "  iu  the  trade.  As  far  as  I  can 
discover,  and  I  have  had  a  little  oversight  of  machinery — there 
is  a  good  deal  of  wear  even  where  there  is  simply  a  rolling 
friction.  In  this  the  cable  enters  on  one  side  of  an  elliptical 
surface  and  goes  out  on  the  other.  Consetjuently  there  must  be 
a  grinding  all  the  time,  and  I  would  like  to  know  what  effect 
that  has  in  the  way  of  wear  on  the  sleeve  and  on  the  cable. 
It  seems  to  me  it  must  be  much  more  considerable  than  is 
claimed. 

Mr.  Lamb  : — That  depends  on  the  difference  in  hardness  which 
you  would  have  between  the  cable  and  the  face  of  this  elliptieally 
grooved  sheave.  You  do  not  of  course  intend  to  build  a  sheave 
as  hard  as  you  would  have  the  cable  and  expect  the  cable  to  last 
longer,  because  the  face  of  this  sheave  is  made  so  that  you  can 
remove  the  part  that  wears  very  easily  and  put  another  one  on. 
It  is  inexpensive.  But  they  have  a  very  fair  life  and  they  are 
much  larger  than  the  winch-head  that  you  referred  to,  and  the 
bight  of  the  rope  is  different.  In  one  case  you  have  a  large 
circumference;  in  the  other  you  have  only  12  inches  diameter. 
It  in  consequence  would  wear  much  harder.  The  actual  distance 
of  play  is  not  very  much,  and  the  groove  is  very  slight  because  it 
is  paying  in  all  the  time  just  about  evenly  except  when  it  is 
going  around  a  curve.  The  two  rollers  in  front  and  in  the  back, 
guide  the  rope  and  keep  it  in  the  right  place  on  the  sheave. 
On  the  other  hand,  when  you  have  got  a  drum  that  is  winding 
up  a  rope  and  it  is  elliptical  in  it«  groove,  it  pays  off  and  winds 
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down  the  cable  a  long  distance  on  the  drum.  We  only  have  in 
one  case  two  coils  of  rope  on,  (three  coils  at  the  most),  and  they 
are  guided,  and  there  is  very  little  play  upon  the  sheaves. 

Mb.  Sachs: — I  would  like  to  have  Mr.  Lamb  answer  this 
question  that  I  asked  some  time  ago — that  is,  whether  it  is  not  a 
tact  that  one  of  the  difficulties  with  this  rope-hauling  method  is 
that  the  motor  acts  in  a  very  fantastic  and  cranky  fashion ;  that 
it  takes  sudden  notions  to  stop  and  sudden  notions  to  go  ahead, 
and  all  that  sort  of  thing.  The  motor  may  slacken  its  speed  and 
the  boat  may  be  retarded  slightly.  That  may  mean  an  increase 
of  speed  or  it  may  mean  a  stopping  of  the  motor.  In  either  case 
it  must  mean  the  attention  of  the  attendant  on  the  boat  at  once. 
1  would  like  to  know  if  there  is  not  some  system  that  Mr.  Lamb 
has  devised  to  obviate  these  objections,  and  if  they  are  not  real. 

Mr.  Lamb: — There  would  not  be  any  reason  for  a  motor 
stopping  or  not  stopping  except  the  loss  of  voltage.  In  the  case 
of  logging  I  never  Icnew  that  to  happen.  On  some  of  the  Erie 
traction  experimental  trips  it  did  happen.  Our  line  was  con- 
nected with  a  street  trolley  line  and  our  voltage  went  from 
nothing  to  500  volts.  Sometimes  the  motor  would  stop,  some- 
times go  slow,  sometimes  go  fast.  But  there  is  nothing  in  the 
design  of  the  motor  that  would  give  grounds  for  thinking  it 
would  go  faster  than  at  other  times. 

Mr.  Sachs: — It  was  not  a  question  of  design  of  motor.  It 
was  a  question  of  whether  the  regulating  rope,  the  rope  that  you 
have  connected  from  the  operating  controller  and  switch,  unless 
you  employ  the  rheostat  for  both  functions,  does  not  slacken  as 
it  certainly  would.  For  instance,  we  will  consider  the  boat  and 
the  motor  propeller  being  propelled  at  a  certain  rate,  and  that 
suddenly  you  meet  a  curve  in  the  line,  or  something  of  that  sort, 
and  a  heavy  load  is  put  on  the  motor  in  addition  to  what  is  al- 
ready carried.  That  would  mean  a  slow-down,  especially  where 
you  have  not  particularly  excellent  distribution.  That  slowing 
down  must  certainly  mean  that  your  rope  is  going  to  slacken  and 
it  certainly  needs  but  very  little  slack  in  tlie  ro|)e  to  bring  the 
rheostat  back  to  the  stop  position  ;— at  least  so  I  should  presume. 

Mr.  Lamb  : — What  would  make  the  motor  stop,  would  it  not 
be  the  pull  of  the  boat,  the  extra  heavy  pull  ? 

Mr.  Sachs  :  —I  know — but  your  boat  is  moving  forward.  Its 
momentum  is  carrying  it  ahead  at  about  the  same  speed  as  the 
motor  previously  pulled  it.  Now  the  motor  gradually  slacks  up 
— it  meets  a  curve — it  has  got  to  go  up  a  steep  incline,  or  there 
is  some  difficulty  in  the  propelling  machinery,  and  it  slows  down. 
That  means  that  the  boat  is  carried  ahead  and  will  be  carried 
ahead  for  a  few  moments.  But  the  motor  is  gradually  slowing ; 
that  means  that  the  rheostat  is  going  back  to  where  it  started, 
4knd  it  means  that  the  man  has  got  to  come  forward  and  pull  it. 

Mr.  Lamb: — That  would  not  be  the  condition  in  practice. 
There  is  nothing  on  the   line  of  the  cableway  that  would  stop 
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that  motor  from  its  speed  except  the  pull,  aod  when  the  pnll 
ceases,  then  you  want  your  motor  to  stop,  and  that  is  the  only 
time  that  the  controlling  rope  is  slack. 

Mr.  Sachs: — If  you  are  going  to  build  a  motor  to  overcome 
any  possible  obstruction  and  any  possible  curve  at  the  maximum 
load  that  the  motor  is  going  to  pull,  you  are  going  to  have  a 
pretty  big  motor.  The  question  of  weight  has  to  be  consid- 
ered in  the  construction  of  carriages. 

The  President  : — I  think  it  is  rather  late  to  take  up  that 
question  of  the  relative  efficiency  of  hauling  and  propulsion. 

[Adjourned]. 
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SPAKKING,   ITS    CAUSE   AND   EFFECTS. 


BY    THORBURN    RKIl). 


Present  theories  in  regard  to  the  operation  of  connnutation 
and  tlie  nature  of  sparking,  show  considerable  progress  beyond 
those  of  a  few  years  ago.  Tlie  most  important  step  forward  was 
taken  when  the  reactance  of  the  coil  under  commutation  was 
recognized  as  the  greatest  obstacle  to  perfect  commutation, 
and  the  duty  of  overcoming  this  reactance  was  assigned  to  the 
E.  M.  F.  set  up  by  the  cutting  of  the  lines  from  the  field  by  the 
coil  under  commutation.  It  was  also  recognized  that  this  must 
be  limited  by  the  available  reversal  k.  m.  f. 

This  was  a  long  stej)  forward,  but  it  stopped  just  short  of  a 
complete  explanation  of  the  phenomena  involved.  This  failure 
was  due  to  an  erroneous  idea,  which  has  fastened  itself  on  the 
theorj'  from  the  start,  that  injurious  sparking  was  due  to  the  cur 
rent  sparking  across  the  gap  between  the  brush  and  the  receding 
segment,  by  reason  either  of  incomplete  reversal  of  the  current,, 
or  of  over-reversal. 

I  shall  attempt  to  show  in  what  follows,  that  sparking  from 
either  of  these  causes  may  be  harmless,  and  that  the  real  injury 
is  done  before  the  segment  leaves  the  brush. 

Taking  first  the  simplest  case  of  commutation,  that  of  a  coil  of 
n  turns  with  its  ends  connected  to  adjacent  commutator  seg- 
ments, we  may  state  the  operation  of  perfect  commutation  thus : 

First,  consider  a  coil  which  is  approaching  a  brush  through 
which  the  current  is  entering  the  armature  from  the  outside  cir- 
cuit. The  brush  covers  the  segment  connected  to  one  end  of 
this  coil,  and  half  of  the  brush   current  is  passing  through  the 
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coil  from  segment  3  to  segment  2  (Fig.  1),  the  other  half  from 
segment  3  to  segment  4. 

Second,  consider  this  coil  receding  from  the  brush,  which  now 
covers  segment  2,  as  shown  in  Fig.  5.  Half  of  the  brush  current 
is  now  passing  through  the  coil  from  segment  2  to  segment  1,  the 
other  half  passing  through  the  next  adjacent  coil  from  segment 
2  to  segment  3.  The  current  in  the  coil  J^2  now  has  the  same 
value  under  the  conditions  shown  in  Fig.  5,  as  it  had  before  in 
Fig.  1,  but  its  direction  of  flow  through  the  coil  has  been  reversed. 
Between  these  two  positions  of  the  coil  with  reference  to  the 
brush,  the  whole  operation  of  commutation  has  taken  place,  re- 
quiring generally  hut  a  very  small  frac'tion  of  a  second. 


Fi-.  I 
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Fig.  2  shows  the  iirst  operation  in  commutation.  The  two 
ends  of  the  coil  are  now  connected  through  the  brush,  and  the 
current  passing  around  the  left  hand  circuit  of  the  armature  has 
two  possible  paths,  the  one  through  segment  2,  the  other  through 
segment  3.  The  amount  of  current  which  will  flow  from  the 
brush  direct  to  segment  2  depends  on  the  difference  of  potential 
between  the  brush  and  segment  2,  and  on  the  resistance  of  con- 
tact area  of  segment  2. 

Since  the  difference  of  potential  of  any  two  points  in  a  circuit 

is  the  same  through  whatever  path  the  current  flows,  this  d.  p. 
is  equal  to  the  algebraic  sum  of  the  potentials  reckoned  from  the 
point  of  contact  of  the  brush  with  segment  2  to  the  point 
of   contact   of   the   brush    with   segment  3,  across  this  contact 


1897.1  REID  ON  SPARKING,  681 

and  through  the  coil  to  segment  2.  The  d.  p.  in  the  commutator 
segment  need  not  be  considered,  as  it  is  neglible.  The  d.  p.  in 
the  brush  itself  is  also  negligible. 

The  D.  p.  across  the  area  of  contact  of  segment  3  varies  di- 
rectly with  the  current  flowing  across  it,  and  inversely  with  the 
area  of  contact.  The  d.  p.  in  the  coil  3-2  depends  on  three  fac- 
tors, the  CR  drop  in  the  coil,  the  counter  e.  m.  f.  of  self-induction 
due  to  change  in  the  value  of  the  current,  and  the  e.  m.  f.  due  to 
cutting  the  lines  of  force  of  the  field.  This  last  we  will  call 
"  reversal  e." 

The  CR  drop  varies  with  the  current  flowing  in  the  coil.  The 
counter  e.  m.  f.  or  inductance  drop  varies  with  the  rate  of  change 
of  the  current  in  the  coil.  Reversal  e  varies  with  the  rate  of 
cutting  of  the  field  lines. 

The  CR  drop  at  the  contact  area  and  the  cr  drop  in  the  coil 
both  oppose  the  current,  and  the  inductance  drop  aids  it  as  long 
as  the  current  is  decreasing.  The  reversal  e  may  act  in  either 
direction,  but  is  usually  opposed  to  the  inductance  e.  Therefore 
the  D.  p.  between  the  brush  and  segment  2  equals  the  cr  between 
the  brush  and  segment  3  plus  the  cr  in  the  coil  3-2  minus  the 
inductance  drop  in  the  coil,  plus  reversal  e.  It  is  seen  that,  a& 
the  brush  moves  over  from  the  position  of  Fig.  2  to  that  of 
Fig.  3,  the  area  of  contact  of  segment  2  increases,  while  that  of 
segment  3  decreases.  Thus  the  resistance  of  the  current  path 
from  the  brush  to  segment  3  and  through  the  coil  to  segment  2 
is  continually  increasing,  while  the  resistance  from  the  brush  to 
segment  2  direct  is  decreasing.  Therefore  the  cr  drop  across 
the  contact  area  of  segment  3  will  increase  or  decrease  according 
as  the  contact  area  or  current  decreases  more  rapidly. 

Thus  throughout  the  period  of  commutation  there  is  an  in- 
creasing opposition  to  the  passage  of  the  current  through  the 
segment  3,  and  an  increasing  facility  for  its  passage  through  seg- 
ment 2  due  merely  to  the  changes  of  the  areas  of  contact  of  the 
brush  with  the  two  segments,  and  to  the  consequent  changes  of 
resistance. 

For  perfect  commutation  which  is  the  case  we  are  considering 
at  present,  the  impedance  of  the  coil  e  should  always  be  equal 
and  opposite  to  the  reversal  e  as  will  appear  later. 

The  next  period  in  commutation  is  that  during  which  the  cur- 
rent in  the  coil  is  increasing  to  its  final  value  after  having  passed 
through  zero. 
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When  the  current  in  the  coil  is  zero,  one-half  of  the  brush  cur- 
rent is  passing  through  each  of  the  two  segments  under  the 
brusli  on  the  proper  assumption  that  the  current  divides  equally 
between  the  two  halves  of  the  armature.  The  cr  drop  at  the 
contact  surfaces  of  the  two  segments  will  then  be  inversely  pro- 
portional to  the  area  of  the  contact  surfaces,  and  the  difference 
between  the  impedance  e  and  the  reversal  k  will  then,  as  before, 
be  equal  and  opposite  to  the  ditference  between  the  two  or 
drops  at  the  contact  surfaces.  It  should  be  noted  here,  that, 
although  the  current  in  the  coil  is  zero,  its  rate  of  change  may 
be  considerable,  and  thus  cause  considerable  inductance  e. 

While  the  current  in  the  coil  is  increasing,  the  inductance  e  is 
in  opposition  to  the  current,  while  the  reversal  k  is  in  the  same 
direction  with  the  current.  Thus  while  in  the  lirst  period  of 
commutation,  the  inductance  k  prevented  the  decrease  of  the 
current,  in  this  period  it  prevents  its  increase.  The  reversal  e 
on  the  other  hand  aids  the  decrease  of  the  current  in  the  iirst 
period,  as  well  as  its  increase  in  the  second.  The  increase  of  the 
contact  surface  of  segment  two,  and  the  decrease  of  that  of  seg- 
ment 3  still  continue  to  aid  the  How  of  the  current  from  segment 
2  through  the  coil  to  segment  3,  so  that  the  effect  of  all  these 
varying  e.  m.  f.'s  is  just  the  same  throughout  this  period  as 
throughout  the  iirst  period,  but  the  resistance  of  the  coil  itself, 
which  in  the  first  period  aided  the  decrease  of  the  current,  in 
this  period  opposes  its  increase. 

Finally,  just  as  segment  3  leaves  the  brush  (P'igure  4)  the  cur- 
rent in  the  coil  becomes  equal  to  one-half  the  brush  current,  and 
no  current  passes  through  from  the  brush  to  segment  3,  and  the 
segment  leaves  the  brush  without  any  difference  of  potential  be- 
tween it  and  the  brush. 

Now  consider  how  the  current  should  vary  during  the  period 
of  commutation,  so  that  the  energy  of  commutation  will  be  de- 
veloped equally  over  every  part  of  the  contact  surface,  and  so 
that  the  amount  of  energy  developed  shall  be  a  minimum. 

First  consider  the  variation  of  the  current  which  will  satisfy 
the  first  of  these  conditions.  This  condition  will  be  fulfilled  if 
the  current  density  in  every  section  remains  constant  as  long  as 
the  area  of  contact  is  changing  ;  for  every  part  of  the  segment  re- 
mains in  contact  with  the  brush  for  the  same  length  of  time, 
that  is,  the  time  required  for  that  part  to  pass  from  the  heel  to 
the  toe  of  the  brush.     Therefore,  since  every  part  is  receiving 
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energy  at  the  same  rate  and  for  the  same  length  of  time,  the 
energy  developed  in  each  part  is  eijual.  While  the  whole  seg- 
ment is  covered,  any  change  in  the  current  density  will  affect 
every  section  equally,  so  that  the  current  may  vary  in  any  way 
during  that  period,  without  causing  une([ual  distribution  of 
energy. 

Consider  how  the  current  should  change  so  as  to  develop  the 
least  energy.  That  is,  how  the  current  must  be  distributed  be- 
tween the  contact  surfaces  of  the  segments  so  as  to  develop  the 
least  possible  amount  of  energy. 

Let  y?i  and  B^  ^^  the  resistance  of  the  two  segments,  and  6\  and 
^2  the  corresponding  currents,  (J  being  the  total  current  flowing. 
Then  we  have  for  the  rate  at  which  energy  is  being  developed  at 
any  period. 

W=  (\\Ii,  +  {C-C\fIi,  (1) 

Differentiating  and  equating  to  zero,  we  have 

To  determine  whether  this  gives  a  maxinmm  or  minimum  value, 
substitute  in  equation  ( 1  )  for  C\  the  values  C  =  0  and  C\  =  G 
and  we  get  for  C,  =  0,  W  =  C'^  y?.^  and  for  C\  =  C,  W  = 
C^  a.  Both  these  values  are  higher  than  that  obtained  by  sub- 
stituting from  equation  (  2 )  in  equation  ( 1 ),  namely  : 

III  +  ^i 

Therefore  that  value  of  Ci  makes  Wek  minimum. 

This  means  that  for  each  position  of  the  brush,  the  energy  de- 
veloped at  the  contact  surface  will  be  a  minimum  when  the  cur- 
rent divides  between  the  segments  under  the  brush  in  the  ratio 
of  their  areas  of  contact.  It  is  seen  that  under  these  conditions, 
the  current  density  remains  constant,  and  that  therefore  the  re- 
quirements of  equal  distribution  of  energy  are  also  fulflUod. 

Perfect  commutation  may  now  be  defined  as  a  complete  re- 
versal of  the  current  in  the  coil  under  commutation  in  such  a 
manner  that  the  portions  of  the  current  flowing  through  the  two 
segments  to  which  the  ends  of  the  coil  are  connected,  shall  be 
proportional  to  the  respective  contact  areas  of  the  segments. 

It  was  shown  above  that  Ci^j  =  CiRi  +  OR  drop  in  the  coil 
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plus  the  inductance  e  in  the  coil  plus  the  reversal  k.  If  there- 
fore the  sum  of  the  cr  drop  of  the  coil  plus  its  inductance  k 
were  always  equal  and  opposite  to  the  reversal  e,  CiRi  would  be 
equal  to  C2R2,  which  is  the  condition  for  perfect  commutation 
as  defined  above. 

Following  are  some  of  the  various  ways  in  which  imp>erfect 
commutation  may  occur,  and  the  manner  in  which  this  imper- 
fect commutation  causes  injury  to  the  commutator. 

First.  Suppose  that  the  current  flowing  across  the  contact 
surface  of  the  receding  segment  does  not  decrease  as  rapidly  as 
the  contact  surface  of  that  segment  decreases.  The  current  den- 
sity then  increases  and  is  a  maximum  at  the  last  part  of  the  seg- 
ment that  touches  the  brush.  More  energy  is  thus -concentrated 
at  that  point  than  at  any  other,  and  owing  to  the  fact  that  time 
is  required  to  conduct  that  energy  to  other  parts  of  the  segment,^ 
that  part  will  be  raised  to  the  highest  temperature.  This  tem- 
perature may  be  high  enough  to  melt,  or  even  volatilize  the 
copper  of  the  segment,  therefore  when  the  brush  leaves  the  seg- 
ment, the  current  continues  to  flow  through  the  film  of  melted 
copper,  volatilizes  it  and  draws  an  are.  This  arc  constitutes  the 
injurious  or  "  vicious "  spark.  The  removal  of  the  volatilized 
copper  from  the  receding  edge  gradually  wears  that  edge  away. 
Reduction  of  the  contact  surface  thus  continually  increases  the 
current  density,  and  the  arc  is  formed  at  an  earlier  stage  of  the 
commutation  when  the  current  to  be  broken  is  greater,  and  thus 
the  spark  increases  in  viciousness  until  the  commutator  has  to  be 
turned  down  before  the  machine  will  run  at  all. 

Again  the  energy  developed  at  the  receding  edge  of  the  seg- 
ment may  not  be  sufficient  to  melt  the  copper.  In  this  case  the 
current  to  be  broken  when  the  segment  leaves  the  brush  will 
jump  across  from  the  brush  to  the  segment.  This  spark  has  no 
deleterious  effect,  since  most  of  its  energy  is  developed  in  the 
space  between  the  segment  and  the  recedhig  brush,  instead 
of  being  concentrated  at  the  edge  of  the  receding  segment. 
This  spark  is  of  the  same  bluish  color  as  that  of  the  Ruhmkorff 
coil,  by  which  it  may  be  distinguished  from  the  injurious  spark, 
which  is  yellow. 

Second.  Suppose  that  the  current  flowing  across  the  contact 
area  of  the  entering  segment  increases  more  rapidly  than  the 
contact  surface  increases.  The  current  density  in  that  part  of 
the  segment  then  increases,  and  more  energy  is  concentrated  at 
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this  point  than  at  other  parts  of  the  segment  and  it  will  accord- 
ingly be  raised  to  a  higher  temperature.  If  this  temperature  is 
not  high  enough  to  melt  the  copper,  no  harm  results  and  there  is 
no  spark,  since  the  contact  is  not  broken  at  that  point.  If,  how- 
ever, the  temperature  produced  is  high  enough  to  melt  the  cop- 
per, the  melted  copper  may  be  carried  along  by  the  brush,  and 
the  entering  edge  of  the  segment  is  thus  gradually  eaten  away. 
This  will  not  show  by  any  sparking  immediately,  but  it  will 
eventually  cause  a  spark  to  appear  in  the  following  manner: 
The  eating  away  of  the  entering  edge  of  the  segment  gradually 
reduces  the  area  of  the  entering  segment  and  thus  increases  the 
resistance  of  that  segment.  This  delays  the  decrease  of  current 
in  the  receding  segment,  and  the  current  density  in  both  seg- 
ments increases  until  the  temperature  gets  high  enough  to  pro- 
duce a  spark  as  described  in  the  first  case  of  imperfect  commu- 
tation. Another  incidental  injury  that  may  occur  is  the 
deposition  of  the  melted  copper  at  the  back  of  the  segment, 
thus  raising  the  surface  of  the  segment  at  that  point,  and  this, 
together  with  the  depression  of  the  surface  at  the  front  of  the 
segment,  would  cause  the  brush  to  jump  and  chatter,  which  of 
itself  would  cause  deleterious  sparking. 

This  would  explain  the  cases  where  a  machine  runs  perfectly 
sparkless  when  first  set  up,  but  after  a  time  commences  to  spark, 
the  spark  increasing  in  intensity  and  deleterious  effect  and  dis- 
appearing when  the  commutator  surface  has  been  turned  up, 
only  to  reappear  after  sufficient  time  has  elapsed.  The  wearing 
away  of  the  front  edge  of  the  segment  is  hardly  likely  to  be 
noticed,  since  no  injury  would  be  looked  for  until  the  spark  ap- 
peared, and  then  the  cutting  of  the  back  edge  would  be  much 
more  prominent,  because  that,  being  produced  by  an  arc,  would 
have  a  roughened  appearance,  while  the  surface  of  the  front 
edge  would  be  left  smooth  by  the  rubbing  off  of  tlie  melted 
copper. 

Third.  The  reversal  e  may  be  large  enough,  not  only  to 
reverse  the  current  in  the  coil  under  commutation,  but  even  to  in- 
crease it  beyond  the  value  of  half  the  brush  current.  In  this  case 
the  extra  current  would  flow  through  both  segment  surfaces,  but 
owing  to  the  fact  that  this  current  would  be  increasing  while  the 
receding  segment  was  reducing  its  contact  area,  that  segment 
would  get  hottest,  and  as  soon  as  it  reached  the  melting  point  an 
arc  would  be  drawn  and  destructive  sparking  would  ensue. 
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The  problem  that  the  designer  of  the  mpdern  macliiue  has 
before  hira  is  to  design  a  machine  that  will  run  from  no  load  to 
25  per  cent,  above  full  load  without  sparking,  and  without 
movement  of  the  brushes. 

In  the  case  of  machines  intended  for  lighting,  the  condition 
of  no  shifting  of  the  brushes  is  not  generally  required,  but  most 
of  our  modern  lighting  machines  are  made  to  fill  that  require- 
ment. 

The  current  to  be  reversed  therefore  varies  from  the  exciting 
current  of  the  machine  up  to  25  per  cent,  above  its  full  load  cur- 
rent. The  inductance  e  and  the  cu  drop  in  the  coil  also  vary  in 
this  proportion,  and  for  perfect  commutation  through  all  these 
varying  loads  it  would  be  necessary  for  the  reversal  k  also  to 
vary  in  the  same  proportion.  As  a  matter  of  fact,  the  reversal  e 
does  not  vary  in  anything  like  the  same  proportion,  and  may  even 
decrease  with  increase  of  load,  on  account  of  distortion  of  the 
flux  coming  from  the  field  by  the  armature  ampere-turns. 

Perfect  commutation  for  any  particular  position  of  the  brushes 
can  therefore  only  take  place  at  one  value  of  the  load.  At 
heavier  loads  than  this  critical  one  the  current  is  not  completely 
reversed  before  the  segment  leaves  the  brush  and  at  lighter  loads 
it  is  more  than  reversed.  This  problem  may  be  stated  a  little 
more  precisely  in  the  following  manner  :— 

Assume  that  the  brushes  are  set  as  far  back  as  is  consistent 
with  sparkless  running  at  the  maximum  load  at  which  the  ma- 
chine is  required  to  run  sparklessly.  This  means  that  the  re- 
versal E  is  just  equal  to  the  coil  impedance  e  at  that  point.  Now 
let  the  load  be  removed  gradually.  The  impedance  e  of  the  coil 
under  commutation  is  reduced,  while  the  reversal  e  remains 
practically  constant.  The  tendency  is  therefore  for  the  current 
to  be  more  than  reversed,  and  this  tendency  increases  as  the 
load  is  reduced,  until  finally,  when  the  load  has  been  removed 
entirely,  there  is  no  current  to  reverse,  and  the  reversal  e  simply 
tends  to  produce  a  current  in  the  coil  under  commutation.  The 
production  of  this  current  is  now  opposed  by  the  inductance  and 
resistance  of  the  coil,  and  by  the  resistance  of  the  brush  contact 
surfaces,  the  contact  surfaces  of  the  two  segments  being  in  series 
as  regards  this  current.  If  the  impedance  of  the  coil  is  low  as 
compared  with  this  contact  resistance,  the  reversal  e  would  be 
small  compared  with  the  cr  drop  across  the  contact  surfaces  at 
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full  load  current.  Therefore  the  current  produced  by  the  re- 
versal E  would  be  small  as  compared  with  the  full  load  current. 

We  may  also  note  here,  that,  whereas  the  variation  of  the  con- 
tact resistances  aids  the  reversal  of  the  current,  as  soon  as  this 
current  becomes  greater  than  that  whicli  flows  through  the  ar- 
mature, the  excess  current  must  pass  across  the  contact  areas  of 
both  the  segments  under  the  brush.  The  resistances  of  these  two 
surfaces  are  then  placed  in  series  as  regards  this  current,  and  the 
lowest  possible  resistance  that  these  could  have,  would  be  reached 
when  the  brush  covers  an  equal  surface  on  each  segment,  mak- 
ing the  contact  resistance  in  the  path  of  this  current  equal  to 
twice  the  resistance  of  the  contact  surface  of  either  segment  at 
that  time.  The  resistance  of  this  path  then  starts  at  infinity,  de- 
creases to  this  minimum  and  goes  back  to  infinity  again. 

Now  examine  more  closely  the  order  of  events  in  commutation 
at  no  load.  The  resistance  of  the  coil  circuit  first  starts  at  infin- 
ity and  rapidly  decreases,  while  tlie  reversal  e  starts  at  a  minimum 
and  more  slowlv  increabes.  As  soon  as  a  current  commences  to 
flow,  inductance  k  enters  the  problem.  If  there  were  no  con- 
tact resistance,  the  current  would  reach  its  normal  full  load  value 
at  about  the  middle  of  the  commutation  period.  This  of  course 
assumes  that  the  reversal  e  is  of  such  a  magnitude  as  to  reverse 
the  current  at  full  load  without  the  aid  of  the  varying  contact 
resistances.  In  fact  the  reversal  e  does  a  very  small  part  of  the 
reversing  at  full  load  when  the  inductance  is  small  compared 
with  the  contact  resistances.  The  current  at  the  middle  of  the 
commutation  period  "would  therefore  be  much  smaller  than  the 
normal  full  load  current,  even  if  there  were  no  contact  resistance 
to  limit  it.  Now  introducing  this  contact  resistance,  which  starts 
at  infinity  and  decreases  to  a  minimum,  which  may  be  several 
times  greater  than  the  impedance  of  the  coil,  the  current  must  be 
reduced  at  least  in  the  proportion  of  the  impedance  to  this  mini- 
mum resistance.  During  the  rest  of  that  period  the  resistance  is 
increasing  till  at  the  end  it  has  reached  infinity  again.  The  cur- 
rent, already  very  small,  is  rapidly  cut  down  till  it  is  too  small  to 
produce  a  visible  spark  at  the  break,  and  the  commutator  has 
not  been  heated  up  enough  at  any  point  to  produce  arcing. 

The  same  principles  hold  in  the  case  of  machines  whose  brushes 
must  be  shifted,  the  range  of  sparkless  commutation  only  being 
less. 
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There  have  been  some  machines,  however,  which  would  not 
run  sparklessly  for  any  position  of  the  brushes.  This  is  readily 
explained  on  the  hypothesis  of  too  high  an  impedance,  for  in 
that  case  the  variation  of  the  current  during  commutation  will 
be  mainly  governed  by  tlie  impedance  and  reversal  e,  instead  of 
by  the  variation  of  the  contact  resistances,  so  that  even  if  com- 
plete reversal  is  exactly  attained,  the  current  density  at  other 
parts  of  the  commutation  period  does  not  remain  constant,  with 
the  result  that  the  total  energy  of  commutation  is  increased.  A 
large  part  of  this  energy  is  concentrated  at  the  beginning  and 
end  of  the  commutation  period,  thus  producing  heating  at  the 
edges  of  the  segments,  with  its  corresponding  melting  of  the 
copper  and  arcing. 

These  considerations  indicate  two  ways  by  which  sparkless 
commutation  may  be  assured.  First  by  increasing  the  brush  con- 
tact resistance,  and  second  by  decreasing  the  impedance  of  the 
coil  under  commutation. 

The  limitation  of  the  second  of  these  conditions  is  merelv  one 
of  economical  design,  lowering  of  the  inductance  below  a  certain 
point  increasing  the  cost  of  the  machine. 

The  limitation  of  the  first  condition  is  that  of  rise  of  tempera- 
ture of  the  commutator.  It  has  been  shown  that  for  perfect 
commutation  the  current  density  is  constant  and  uniform  through- 
out the  whole  period  of  commutation.  Its  value  is  found  by  di- 
viding the  total  brush  current  by  the  contact  area  of  the  seg- 
ments under  a  brush.  This  varies  inversely  with  the  brush  con- 
tact  area,  and  the  energy  developed  therefore  varies  in  the  same 
proportion.  The  amount  of  commutator  metal  to  be  heated,  ae 
well  as  the  radiating  surface,  also  varies  inversely  with  the  cur- 
rent density,  so  that  the  rise  of  temperature  probably  varies 
nearly  as  the  square  of  the  current  density,  provided  the  commu- 
tation be  practically  perfect. 

The  increasing  use  of  the  carbon  brush  in  place  of  the  copper 
brush  is  thus  explained  by  the  fact  that  the  contact  resistance  of 
carbon  on  copper  per  square  inch  is  much  greater  than  that  of 
copper  on  copper.  Increased  resistance  is  obtained  with  the 
copper  brush  by  reducing  its  contact  area,  but  this  also  reduces 
the  metal  to  be  heated  in  the  commutator,  as  well  as  its  radiating 
surface,  so  that  the  same  amount  of  commutating  energy  will  re- 
sult in  a  much  greater  rise  of  temperature. 
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By  taking  these  facts  into  consideration,  however,  and  prop- 
erly proportioning  the  contact  areas  and  inductance,  commutating 
machines  may  be  designed  to  run  as  cool  with  copper  brushes  as 
with  carbon  wherever  this  may  be  desirable. 

The  reasoning  so  far  has  been  based  on  the  assumption  of  but 
one  coil  being  commutated  at  a  time.  This  assumption  will  only 
be  true  when  the  brush  thickness  is  equal  to,  or  less  than  the 
width  of  one  segment,  plus  twice  the  thickness  of  the  insulation 
between  segments.  In  practice,  brushes  are  often  made  to  cover 
a  segment  and  a  half,  sometimes  two  segments  or  even  more  than 
this  without  deleterious  sparking.  This  means  that  the  current 
in  two  or  more  coils  is  being  commutated  at  the  same  time. 

At  first  sight  this  appears  to  be  an  advantage,  since  it  enables 
us  to  get  the  same  current  density  with  less  length  of  commuta- 
tor, but  the  time  of  commutation  is  increased,  so  that  while  the 
rate  of  development  of  energy  is  not  changed,  the  total  amount 
of  energy  developed  will  vary  with  the  time  of  commutation,  and 
in  addition  to  this,  the  amount  of  metal  to  be  heated  and  the  ra- 
diating surface  are  both  decreased,  so  that  in  this  respect  the 
change  is  rather  a  disadvantage  than  an  advantage.  Another  im- 
portant advantage  is  gained,  however,  in  that  the  increase  in  the 
length  of  the  commutation  period  decreases  the  reactance  of  the 
coil  by  decreasing  its  frequency  of  commutation,  so  that  the  ratio 
of  impedance  to  contact  resistance  is  decreased,  thus  tending 
towards  more  perfect  commutation.  This  advantage  is  again  lim- 
ited by  the  fact  that  the  mutual  inductance  of  two  coils  corn- 
mutating  at  the  same  time  increases  the  reactance  of  both. 

To  sum  up,  the  deleterious  effects  of  sparking  are  due  to 
excessive  local  heating  of  the  commutator  contact  surface,  caus- 
ing the  copper  to  melt,  and  an  arc  to  be  drawn,  the  segments  be- 
ing thus  disintegrated. 

The  causes  of  deleterious  sparking  are,  either  too  great  a  de- 
parture from  perfect  commutation,  or  too  high  a  current  dens- 
ity. 

Perfect  commutation  can  only  be  practically  secured  by  mak- 
ing the  impedance  of  the  coil  negligible  as  compared  with  the 
contact  resistance. 

A  comparison  of  the  sparking  constants  of  a  large  number  of 
machines  was  made  before  this  theory  of  commutation  was  evolved. 

It  has  been  found  to  explain  many  cases  of  sparking,  which 
had  before  been  unexplained. 
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It  has  been  found  difficult  to  determine  definite  safe  workinfi^ 
constants,  on  account  of  the  small  number  of  tests  that  have  been 
made  to  determine  accurately  the  inductance  of  the  coil  under 
commutation  and  the  effect  on  each  other  of  two  or  more  coils 
commutating  at  the  same  time. 
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Discussion. 

Thb  Chairman  (Mr.  Steijimetz) : — We  have  listened  to  a  very 
interesting  paper,  and  I  believe  Mr.  Keid  deserves  our  thanks  verv 
fully  for  Uie  masterly  manner  in  which  he  has  dealt  with  this 
very  difficult  problem :  the  most  difficult  problem,  I  believe,  in 
the  design  of  direct  current  constant  potential  machinery,  which 
electricians  have  had  to  meet  in  the  development  of  the  last  ten 
or  fifteen  years.  The  discussion  is  now  m  order  and  1  call  on 
Mr.  Dunn  to  open  it. 

Mb.  Gano  S.  Dunn  : — I  agree  with  the  Chairman  as  regards 
the  importance  of  this  paper.  It  was  in  reference  to  this  feature 
of  dynamo  design  that  Lord  Kelvin  observed  that  if  as  much  time 
had  been  put  upon  direct,  as  has  been  put  upon  alternating  cur- 
rent apparatus,  the  direct  current  would  have  been  as  far  ahead 
to-day.  In  the  comments  I  shall  make  on  Mr.  Keid's  paper,  I 
only  desire  to  bring  out  further  information  so  that  the  subject 
may  be  advanced  at  the  end  of  our  discussion. 

Mr.  lieid  states:  "'1  he  amount  of  current  which  will  flow  from 
"  the  brush  direct  to  segment  2  depends  on  the  difference  of  po- 
^Hential  between  the  lirush  and  segment  t^,  and  on  the  resistance 
*'of  the  contact  area  of  segment  2.  Later  he  states  that  the  re- 
sistance of  the  brush  is  negligible.  1  think  that  he  is  in  error, — 
First,  that  the  resistance  of  the  contact  area  of  the  brush  is  what 
controls  the  distribution  of  current  from  one  segment  to  the  other, 
and  second,  that  the  resistance  of  the  brush  is  negligible.  My  work 
has  been  to  show  that  the  latter  is  a  large  and  controlling  factor 
in  the  problem  and  affects  commutation  more  than  does  the  con- 
tact resistance  of  the  brush  with  the  commutator.  In  proof  of 
this,  1  will  cite  the  fact  that  a  carbon  brush  which  will  stop  the 
sparking  on  a  25  h.  p.  motor  wound  for  110  volts,  will  not  stop 
the  sparking  for  the  same  motor  when  wound  for  500  volts. 
But  a  graphite  brush  or  carbon  brush  of  very  much  higher 
resistance  will  stop  it.  In  the  same  connection,  where  a 
copper  brush  will  not  stop  sparking  on  a  llo-volt  dynamo,  a 
copper  gauze  brush  will — 1  believe  because  of  the  higher  resist- 
ance of  the  gauze  and  not  because  of  the  diminished  contact  area 
resulting  in  a  higher  contact  resistance.  I  believe  that  the  re- 
sistance of  the  brushes  is  as  much  a  function  of  the  design  of 
dynamos  as  the  resistance  of  the  armature  winding,  and  that  the 
resistance  of  the  brushes  should  increase  for  a  machine  of  given  size 
and  output  with  the  square  of  the  voltage  for  which  it  is  wound. 
I  have  been  able  to  prove  this  law  partially.  It  is  impossible  to  get 
carbon  of  all  grades  of  resistance,  but  graphite  may  be  obtained 
of  any  resistance  above  a  certain  point  to  200  ohms  to  the  inch 
of  length,  and  I  have  had  made,  brushes  of  varying  resistance  and 
found  that  the  low  resistance  brushes  will  commutate  for  low  vol- 
tages and  the  higher  resistance  brushes  will  commutate  for  higher 
voltages,  and  iso  on,  and  while  I  have  not  been  able  to  prove  the 
law  as  one  of  squares,  yet  it  seems  to  go  up  in  about  that  ^r<i- 


592 


RKID.  ON  SPARKING, 


[Dec.  15, 


portion.  I  would  also  call  attention  in  this  connection  to  the 
Wirt  brushes  which  are  effective  in  stopping  sparking.  They 
depend  on  the  higher  resistance  of  the  leaves  of  the  brush  near 
the  outside,  to  compel  the  reversal  of  the  coil  when  the  sefi^oient 
is  near  the  brush  tips.  Now  if  it  was  contact  resistance,  the  con- 
tact resistance  of  the  external  leaves  would  not  differ  sufficiently 
from  that  of  the  internal  leaves  to  account  for  the  reversal,  and 
Mr.  Wirt  finds  that  by  changing  the  specific  resistance  of  the 
external  leaves  of  his  brush  he  completely  alters  the  commuta- 
tins:  conditions. 

The  drop  of  potential  in  the  brush  itself  is  negligible  as  com- 
pared with  the  circuit  voltage,  but  is  not  negligible  as  compared 
with  the  reactance  of  the  coil  under  commutation. 

Further  on  Mr.  Reid  states :  '*The  d.  p.  in  the  coil  3-2  depends  on 
"  three  factors,  thecR  drop  in  the  coil,  the  counter- k.  m.  f.  of  self-in- 
"duction  due  to  change  in  the  value  of  the  current  and  the  k  m.  f. 
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Fig.  1. 

"due  to  cutting  the  lines  of  force  of  the  field."  And  "the  or 
**  drop  varies  with  the  current  flowing  in  the  coil."  And  later 
he  also  states  that  the  cr  drop  is  an  appreciable  part  of  the  re- 
actance. With  slotted  armatures,  with  which  I  have  had  mostly 
to  deal,  the  cr  drop  may  be  neglected,  for  it  forms  but  about  ten 

f)er  cent,  of  the  total  reactance.  This  brings  up  the  question  of 
low  we  can  divide  the  reactance  into  its  factors  of  inductive  and 
ohmic  terms,  and  for  that  purpose  I  devised  a  method  some  five 
years  ago  which  I  published  in  a  lecture  before  the  New  York 
Electrical  Society  and  which  I  found  to  work  experimentally  very 
well.  It  has  served  my  ])urposes  well  until  recent  date  when  1 
have  computed  the  inductances  of  slots  instead  of  determining 
them  empirically.  This  method  of  determining  the  reaction  of 
an  armature  1  will  show  on  the  board.  I^t  a  (Fig.  1)  be  an  ar- 
mature of  which  we  wish  to  measure  the  reactance.  Fix  it  in 
bearings  away  from  the  infiuence  of  any  field  and  be  prepared  to 


1897.] 


DISCUSSION  IN  NEW  YORK. 


698 


drive  it  with  a  pulley  at  its  normal  speed.  Then  take  its  normal 
full  load  current  from  some  external  source,  and  pass  it  through 
the  armature.  Now  attach  a  voltmeter  from  b  to  b'  and  note  the 
drop  in  the  voltmeter.  This  drop  will  represent  the  ohmic  drop 
of  the  conductors  in  the  armature,  plus  the  drop  due  to  the  contact 
resistance.  Now  spin  the  armature  and  note  the  increase  of  the 
drop  across  it.  There  will  be  an  increase,  heeauso,  as  the  current 
enters  the  armature,  it  divides  down  both  sides  equally  and  goes 
through  coils  on  each  side  of  the  brush,  which  have  considerable 
«elf-induction,  and  as  the  armature  revolves  each  coil  has  to  be 
reversed  which  its  self-induction  opposes.  Therefore  the  current 
passing  through  the  armature  being  opposed,  the  voltmeter  will 
rise.  Mow  subtract  from  the  voltiage  when  the  armature  is  run- 
ning, the  voltage  when  it  is  at  rest,  make  allowance  for  the  con- 
tact resistance,  which  may  be  determined,  and  for  resistance  of 
the  brush,  and  you  have  directly  in  volts  the  reactance  of  the 
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armature,  and  you  have  it  in  the  way  that  you  most  desire  to  know 
it.  This  metnod  measures  the  reactance  at  the  coiPs  own  high 
frequency  and  not  at  s<nne  lower  one. 

To  design  dynamos  from  this  empirical  method,  it  is  only  nec- 
essary to  take  an  armature  whose  reactance  you  have  measured, 
as  a  standard  of  comparison.  Measure  the  length  and  the  depth 
and  the  width  of  its  slot,  which  indicate  the  permeance  and 
make  the  dimensions  of  slots  of  the  new  armature  in  proper  ratio 
to  the  old.  If  you  want  an  armature  with  half  reactance  make 
the  slot  twice  as  wide,  or  half  as  long,  or  take  out  some  of  the 
turns  or  use  half  the  frequency.  With  these  empirical  methods  I 
have  arrived  at  very  accurate  and  good  results.  Kecently  this 
inductance  has  been  computed,  taking  into  consideration  all 
the  factors,  and  it  is  remarkable  how  closely  it  agrees  with  the 
results  measured  as  above.  It  comes  out  a  little  higher,  and  this 
i  believe  is  due,  as  Mr.  Steinmetz  suggested  at  the  General  Meet- 
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ing  at  Greenacre,  to  the  fact  that  the  frequency  of  reversal  in  the 
armature  is  so  rapid  that  the  self-induction  conditions  are  altered. 
The  frequency  in  the  coil  of  a  direct  current  armature  varies  from 
about  500  to  1500  a  second,  which  is  much  higher  than  ordinary 
frequencies.  Now  either  by  computation  or  by  tliis  measurement 
you  can  figure  out,  when  you  are  designing  a  machine,  just  how 
many  volts  reactance  you  will  have,  and  can  proportion  the  resis* 
tance  and  area  of  your  brushes  accordingly.  I  have  done  this  a 
great  many  times  and  the  results  have  been  what  were  predicted. 
Further  on  Mr.  Iteid  says  :  ''  This  arc  constitutes  the  injurioua 
"or  vicious  spark."  I  would  note  in  this  connection  that  there 
is  a  certain  condition  of  sparking  which  rapidly  develops 
the  vicious  spark,  and  I  think  it  is  due  to  the  fact  that 
the  throwing  of  this  volume  of  current  coming  down  the  brush 
(b  Fig.  3)  over  into  the  toe,  greatly  reduces  the  resistance  of  the 
toe  on  account  of  the  property  of  carbon,  of  reducing  its  resist- 
ance when  hot,  and  this  resistance  once  reduced,  the  brush  is  de- 
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prived  of  its  ability  to  reverse  the  coil  in  a  still  greater  measure 
than  before. 

I  have  found  considerable  difference  in  the  inductance  between 
rings  and  drums.  Why,  I  have  not  yet  been  able  to  prove,  but  I 
presume  it  is  because  a  ring  exposes  considerably  more  area  than 
a  drum,  and  has  in  addition  internal  surfaces.  If,  in  Fig.  2,  b  is  a 
ring  armature,  and  c  is  the  coil,  the  path  of  the  lines  is  across  the 
slot,  and  also  up  through  the  air.  But  there  are  also  paths  as 
shown  inside  the  ring;  whereas  in  a  drum  armature  as  a,  where 
the  coil  is  wound  straight  across,  the  path  can  be  only  from  one- 
half  of  the  peripheral  surface  to  the  other. 

With  regard  to  terms,  Mr.  Steinmetz  in  some  of  his  earlier 
works  on  this  problem  has  used  the  terms  *' natural  commuta- 
tion "  and  "  forced  commutation."  By  natural  commutation  he 
meant  such  commutation  as  I  have  shown,  where  the  brushes  did 
the  reversing,  and  by  forced  commutation  he  meant  commutation 
which  is  done  magnetically  by  the  pole-tip.     I  think  those  terma 
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are  not  as  appropriate  as  they  shonld  be,  and  propose  the  terms 
^'resistance  commutation"  for  the  one  in  which  the  brash  does  the 
work,  and  '^  magnetic  commutation"  for  the  one  in  which  the 
pole  does  the  work. 

Towards  the  end  of  the  paper,  Mr.  lleid  states :  "These  consid- 
'^  orations  indicate  two  ways  by  which  sparkless  commutation  may 
''be  assured;  first,  by  increasing  the  brush  contact  resistance, 
"  and  second,  by  decreasing  the  impedance  of  the  coil  under  com- 
"  mutation."  If  we  could  increase  the  brush  contact  resistance 
indefinitely  we  should  have  a  solution  of  all  our  troubles.  It 
would  only  be  necessary  to  build  very  large  commutators,  and  put 
much  clay  or  foreign  matter  into  graphite  to  get  it  of  very  high 
resistance  to  commutate  a  20,000-volt  dynamo  if  you  please.  But 
when  a  brush  gets  up  to  such  an  exceedingly  high  resistance, 
the  resistance  is  comparable  to  the  resistance  of  the  hot  air  at 
the  edge  of  the  brush  where  the  spark  occurs.  At  s.  Fig.  3, 
the  resistance  of  the  hot  air  may  be  lower  than  the  re- 
sistance of  the  brush,  and  when  you  have  reached  this  point 
it  does  not  pay  to  increase  the  resistance  of  the  brush.  By 
decreasing  the  impedance  of  the  coil  under  commutation  we 
have  the  only  solution  that  leads  us  to  hope  for  perfect 
commutation.  Mr.  Reid  states  that  the  limitation  of  this 
condition  is  merely  one  of  economical  design  lowering  the 
inductance  below  a  certain  point,  and  increasing  the  cost  of  the 
machine.  That  is  verr  true.  But  not  only  does  it  increase 
the  cost  of  the  machine  but  it  decreases  its  efficiency  and  decreases 
at  the  very  point  at  which  we  wish  a  very  high  efficiency — 
namely,  at  liglit  loads ;  and  the  machine  that  is  sparkless  from  a 
low  reactance  in  its  coil,  has  to  have  in  addition  to  having  its  slots 
of  proper  design,  a  large  fiux,  and  a  large  fiux  while  not  antagon- 
istic to  economy  at  full  load,  is  verv  antagonistic  to  efficiency  at 
light  loads.  Mr.  Keid  states  that  the  limitation  of  the  first  con- 
dition is  that  of  the  rise  of  temperature  of  the  commutator.  Com- 
mutators in  the  future  will  he  designed  with  a  certain  number  of 
watts  per  square  inch  of  radiating  surface,  the  same  as  armatures 
and  field  magnets  have  been  designed  in  the  past. 

There  is  an  important  point,  however,  that  ought  to  be  brought 
up  in  this  connection.  A  great  many  engineers  specify  a  current 
density  in  carbon  brushes  oiF  HO  amperes  per  square  inch.  This 
rule  is  good  as  far  as  the  conducting  capacity  of  the  brush  is  con- 
cerned ;  but  from  a  scientific  point  of  view  is  of  no  use  whatever 
as  affecting  commutation.  Fig.  3  shows. a  commutator,  and  its 
brush  A  under  conditions  of  no  self-induction,  and  b  with  self- 
induction  present.  If  von  think  to  design  for  30  amperes  per 
square  incn  density,  and  have  a  high  reactance  in  the  armature 
coil,  what  is  going  to  happen  i  What  Mr.  Reid  calls  the  "  centre 
of  commutation  "  will  move  from  the  middle  of  the  brush  over 
into  the  toe  towards  s,  and  the  higher  reactance  the  further  into 
that  toe  the  centre  of  commutation  will  move,  resulting  in  having 
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almost  all  of  your  carrent  going  down  tlirongh  a  small  region 
near  the  toe,  and  practically  none  going  through  the  rest.  You 
think  you  have  30  amperes  per  square  inch  when  you  mav  have 
200.  It  is  easy  to  have  a  lesser  actual  density  than  this  in  a 
brush  of  60  amperes  per  square  inch  apparent  density  by  due  at- 
tention to  the  inductance,  and  it  is  at  this  latter  point  specilications 
should  aim,  and  not  at  the  density  for  simple  conduction.  The 
conduction  density  is  not  one  to  go  by,  although  it  is  very  greatly 
used  and  insisted  upon.  The  way  to  figure  the  watts  per  square 
inch  a  commutator  will  have  to  emit,  is  to  take  the  reactive  volts 
as  measured  in  the  method  I  have  suggested,  or  as  computed — 
and  multiply  by  the  current,  and  then  after  adding  frictions  and 
ohmic  losses  put  these  watts  into  the  surface  of  the  commutator. 
This  is  definite,  and  does  not  depend  upon  the  cross-section  of  the 
brush.  I  will  state  that  the  reactive  volts  in  a  25-horse-power  280- 
volt  armature  are  about  two  volts,  and  the  ohmic  drop  in  the 
same  armature  about  five  volts. 

With  regard  to  the  number  of  sections  that  a  brush  should 
cover,  I  disagree  with  Mr.  Keid  about  the  effects  of  covering 
more  than  one  segment.  I  have  made  the  experiment,  and  find 
that  between  a  brush  covering  say  two  segments — and  the  same 
brush  when  you  have  filed  away  the  edge  so  that  it  covers  only 
one  segment,  the  inductive  volts  differ  for  100  per  cent,  increase 
of  surface  only  by  about  15  per  cent.  This  leads  to  a  point  which 
is  not  generally  known,  of  the  effect  on  its  sparking  of  the  number 
of  segments  in  an  armature.  It  is  thought  that  to  increase  the 
number  of  segments  greatly  diminishes  the  sparking.  This  is 
true  only  as  far  as  relates  to  the  volts  per  bar.  In  a  500-volt 
machine  if  you  get  mucli  over  20  or  25  volts  per  bar  between  the 
brushes  you  will  have  ring  fire  and  flashing.  That  kind  of  spark- 
ing is  aliected  by  the  number  of  segments.  But  if  you  have  an 
armature  with  40  segments,  and  it  sparks  from  inductive  causes 
you  will  not  help  it  by  giving  it  80.  The  reason  is  that  the  spark- 
ing is  a  function  of  the  conformation  of  the  slots  and  armature 
fenerally,  and  is  not  affected  by  the  number  of  subdivisions, 
'his  comes  out  in  the  point  about  the  number  of  segments  the 
brush  covers.  It  does  seem  reasonable  that  if  a  brush  covers  two 
segments  of  a  commutator  instead  of  one,  that  the  time  allowed 
for  reversal  and  the  number  of  lines  that  will  be  cut  by  the  coil 
under  the  pole  would  be  twice  as  much,  and  therefore  that  the 
reversal  ought  to  take  place  much  earlier.  But  that  is  no  more 
true  than  tlie  fact  that  if  you  short-circuit  a  hundred  cells  of 
gravity  battery  you  will  get  no  more  current  than  if  you  short- 
circuit  but  one.  Why  is  it  that  the  reactive  volts  measured  as 
I  have  described,  do  not  vary  appreciably  when  you  double 
or  halve  the  contact  area  of  the  brush  ?  I  think  it  is  for  the 
reason  that  the  contact  area  of  the  brush  is  not  a  principal  factor, 
but  that  the  reaptance  of  the  armature  driving  the  volume  of  cur- 
rent over  into  the  toe,  determines  how  much  of  the  brush  shall  be 
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used,  and  therefore  it  is  immaterial  whether  we  have  the  whole 
or  a  part  of  the  brush  bearing  on  the  commutator.  The  criterion 
that  1  have  established  for  armatures,  is  the  numl)er  of  volts  that 
the  reactance  figures  out  or  measures  for  a  given  circuit  voltage. 
On  \J30-volt  machines  with  ordinary  carbon  brushes,  commuta- 
tion will  take  place  sufficiently  well  for  heavy  duty  with  a  re- 
active voltage  of  two  volts.  If  the  machine  is  to  be  used  for 
intermittent  work,  and  has  to  have  its  brushes  in  the  middle,  this 
voltage  may  be  increased  to  five  volts.  For  500-volt  machines 
where  you  can  use  graphite  brushes  and  have  them  of  as  high 
resistance  as  you  please,  the  voltage  may  be  increased  to  double 
these  values.  The  desi^  of  the  dynamo  ought  to  be  decided 
for  reactive  voltage  of  the  coils,  as  it  is  decided  for  ohmic  resist- 
ance of  the  armature,  for  electro-motive  force  and  for  other 
features. 

One  more  point,  and  that  is  Mr.  Reid  speaks  of  perfect  com- 
mutation as  being  obtained  by  the  resistance  method.  1  have 
pointed  out  the  limitations  of  resistance  commutation.  I  think 
that  if  we  ever  design  very  high  voltage  direct  current  dynamos 
we  shall  do  it  by  means  of  magnetic  commutation.  The  objection 
to  magnetic  commutation  at  present  is  this :  The  fringe 
at  a  pole  shoe  is  practicallv  constant,  or  worse,  it  grows  smaller 
as  the  load  grows  larger.  Your  commutation  electro-motive  force 
therefore  is  fixed, while  the  electromotive  force  of  self-induction 
in  your  coil  varies  with  the  current  the  coil  is  carrying. 
It  is  zero  at  no  load  and  high  at  full  load  What  you  have  to  do 
is  to  set  the  brush  for  average  conditions  and  have  it  hold 
the  commutation  back  at  light  loads  and  help  it  at  heavy  loads. 
If  we  have  a  means  of  magnetic  commutation,  e.  y.,  a  proportion- 
ing of  the  fringe  so  it  varies  in  strength  directly  as  the  load,  why 
can't  we  depend  on  magnetic  commutation  for  all  loads  and  for 
very  high  voltages  J  Such  for  instance  would  be  a  supplementary 
magnet  with  a  coil  around  it  in  series  with  the  current  going 
through  the  motor.  As  this  current  increased,  the  magnet 
would  strengthen  and  give  more  magnetic  fringe  for  magnetic 
commutation  directly  in  proportion  to  the  need  of  the  coil.  I 
have  been  working  on  a  method  of  this  kind  to  be  applicable 
to  high  voltage  machines,  and  while  in  the  course  of  every-day 
life  we  are  verv  busv  and  do  not  have  a  chance  to  develop  all 
our  ideas  I  hope  some  day  to  see  high  voltage  generators  de- 
signed on  this  principle. 

The  Chairman  :— (Mr.  Steinmetz).  Gentlemen,  we  can  con- 
gratulate ourselves  on  having  had  Mr.  lieid's  masterly  paper  siip- 
Slemented  by  the  very  interesting  and  valuable  discussion  of  Mr. 
>unn. 

There  is  one  point  in  Mr.  Keid's  paper  towards  the  end,  in  the 
discussion  of  the  desirable  width  of  brushes,  which  may  be  slightly 
modified  by  taking  into  view  another  quantity — the  friction  of 
the  brush  on  the  commutator,  which  heats  the  commutator  just 
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as  much  as  the  c'  h  does.  This  friction  loss  varies  naturally 
with  the  width  of  the  bnisli.  So  taking  this  into  view  his  con- 
clusion should  be  slightly  modified. 

I  may  answer  Mr.  Dunn  regarding  his  desire  that  commutators 
should  be  designed  by  considering  the  watts  per  square  inch,  that 
for  about  two  years  past  all  the  commutators  oi  the  company 
with  which  I  am  connected  are  designed  this  way,  by  calculating 
the  energy  lost  of  the  commutator  by  the  friction  of  the  brush 
and  the  c^  r  loss  of  the  contact  resistance,  and  figurins:  thence 
the  necessary  area  of  the  conmiutati^r  to  dissipate  tliis  amount  of 
energy.     As  pointed  out  by  Mr.  Dunn,  the  use  of  very  low  im- 

f>edance  is  inefficient,  due  to  the  very  high  flux,  giving  high  light 
oad  loss.  In  the  commutator  you  have  a  similar  feature.  The 
o'  R  loss  at  the  brush  contact  varies  with  the  load,  but  the  fric- 
tion loss  is  constant,  and  thus  a  light  load  loss.  The  lower  you 
take  the  current  densitv  of  the  brush,  the  lower  also  is  the  light 
load  efficiency  of  the  l)ru8h.  It  is  hardly  appreciated  by  most 
people  what  an  enormous  amount  of  energy  is  wasted  at  the 
commutator  of  the  low  voltage  machines  In  a  50- volt  machine 
this  loss  is  very  frequently  five  per  cent,  and  more,  of  the  output, 
and  obviously  the  most  economical  design  is  very  near  that,  where 
the  variable  loss  is  equal  to  the  constant  loss,  or  the  friction  loss, 
at  the  load  at  which  the  machine  is  desired  to  operate  mostly. 
This  means  that  the  best  current  densitv  at  the  brush  contact,  is 
not  30  amperes  and  not  4(>  amperes,  but  depends  on  the  peripheral 
speed  of  tne  commutator.  For  high-speed  commutators,  a  higher 
current  density  is  usually  preferable,  in  low  speed  commutators 
a  lower  current  density.  All  this  has  to  be  taken  into  account 
now  in  designing  commutators  of  direct  current  machines. 

I  do  not  agree  with  Mr.  Dunn  that  the  resistance  of  the  brush 
proper  is  the  main  factor,  but  I  agree  rather  with  Mr.  Keid  that 
it  is  the  contact  resistance.  It  is  undoubtedly  true  that  special 
brushes  can  be  made  with  high  internal  resistance,  but  with  or- 
dinary carbon  brushes  the  internal  resistance  of  the  brush  is  neg- 
ligible, compared  with  the  contact  resistance. 

The  experience  of  Mr.  Dunn  and  this  apparent  law  of  voltage 
is  very  easily  explaine<i  thus :  If  we  rewind  a  machine,  say  for 
twice  the  voltage,  we  get  twice  as  many  turns  on  the  armature, 
or  per  commutator  segment,  of  half  the  cross-section,  that  is  four 
times  the  resistance,  and  four  times  the  reactance.  That  means 
we  have  to  have  four  times  the  resistance  in  the  brush  to  get 
the  same  relative  pronortion  of  reactance,  etc.,  as  commutation 
constants.  If  a  macnine  sparks,  for  instance,  as  a  550-volt 
machine  more  than  a  llO-volt  machine,  it  is  due  to  the  fact  that, 
while  the  contact  resistance  is  the  same  numerically,  it  is  only 
one-twentv-fifth  relatively  to  the  reactance  in  the  550-volt  machine 
as  in  the  Hi)  volt-machine,  and  that  I  believe  explains  the  feature. 

I  agree  that  resistance  commutation  is  a  very  desirable  name, 
and  better  than  natural  commutation.     But  1  do  not  agree  with 
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the  word  magoetic  commutation,  for  tlie  reason  that  the  word 
magnetic  commutation  has  a  definite  meaning  already,  it  means 
the  commutation  of  the  magnetic  circuit.  There  are  quite  a 
number  of  apparatus  in  commercial  use  now-a-days  where  com- 
mutation of  the  magnetic  flux  takes  place,  as  magneto-potential 
regulators  and  such  apparatus,  where  primary  coils  and  secondary 
coils  are  stationary  with  regard  to  each  other,  and  merely  the 
direction  of  the  magnetic  flux  is  changed  by  moving  a  part  of  the 
magnetic  circuit.  Even  the  ordinary  inductor  alternator  is 
really  a  kind  of  magneto-commutation  machine.  Thus  I  think 
to  avoid  confusion  it  is  better  to  find  another  term  expressing  this 
phenomon. 

Mr.  Dunn: — May  I  comment  on  your  remark  about  the  re- 
actance ?  The  reactance  of  a  dynamo  at  double  voltage  would 
be  four  times  the  reactance  of  the  other  if  the  current  were  the 
same ;  but  the  current  is  only  one  half ;  therefore  the  reactive 
volts  vary  as  a  direct  function  of  the  circuit  voltage  and  not  as 
the  square,  and  therefore  the  resistance  of  the  brusli  requiring  to 
go  up  as  the  sc|uare,  does  not  follow  the  same  law  as  the  increase 
of  the  reactive  volts. 

The  Chairman: — Yes,  it  does;  because  the  resistance  volts 
decrease  with  the  current.  If  the  reactance  volts  increase  only 
proportionately  to  the  voltage,  the  resistance  volts  which  enter 
the  same  circuit  decrease  with  the  current,  that  is,  inversely  pro- 
portional to  the  voltage.  You  either  have  to  compare  resistances 
and  reactances,  or  resistance  volts  and  reactance  volts ;  in  either 
case,  you  got  proportionality  to  the  square  of  the  voltage. 

This  leads  to  another  feature  which  I  forgot  in  discussing 
the  reactance  volts.  This  reactance  e.  m.  f.  is  really  not  a  con- 
stant voltage.  In  your  experiment  the  measured  voltage  really 
does  not  give  you  directly  the  reactance,  because  the  reactance 
E.  M.  F.  is  not  a  steady  voltage  during  commutation,  nor  is  it  an 
alternating  voltage,  as  the  term  "  frequency  of  commutation  " 
implies,  but  it  is  a  very  complex  exponential  function.  Since  the 
resistance  varies  with  some  kind  oi  linear  or  even  more  complex 
law,  the  problem  of  commutation  leads  to  a  differential  execution, 
which  we  cannot  integrate  any  more;  that  is,  I  do  not  know 
whether  it  can  be  integrated ;  1  tried  once  and  did  not  succeed. 

Mr.  Dunn: — I  do  not  think  after  this  that  anybody  will 
attempt  to  integrate  that  equation. 

The  Chairman  : — Is  there  any  more  discussion  on  this  paper  ? 

Mr.  Reid  : — I  may  be  able  to  start  this  discussion  again  by 
speaking  of  some  of  tlie  questions  brought  up  by  Mr.  Dunn's  re- 
marks. To  begin  with  the  first  thing,  he  speaks  of  the  brush 
resistance  itself  being  of  more  importance  than  the  brush  contact 
resistance,  and  he  says  that  he  has  measured  this  brush  resistance 
in  special  cases  and  found  that  the  brush  resistance,  itself  being 
increased,  has  stopped  sparking.  The  question  that  occurred  to 
me  was,  whether  tiie  brush  contact  resistance  was  not  increased  at 
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the  same  time.  I  have  not  tried  it  and  do  not  know.  I  have 
only  used  one  form  of  carbon  brush,  and  I  have  never  used  the 
Wirt  brush.  In  the  case  of  the  difference  between  the  copper 
brush  and  the  gauze  brush,  it  struck  me  that  the  contact  resist- 
ance of  the  ^uze  brush  would  be  higher  thaa  the  strip  copper 
brush. 

Then,  in  regard  to  the  c  r  drop  of  the  coil  under  commuta- 
tion being  negligible  as  compared  with  the  reactance,  I  have 
found  that  in  a  good  many  cases,  but  not  in  all,  and  I  think  that 
Mr.  Dunn's  finding  it  so  can  be  explained  by  some  other  points 
in  his  discussion.  He  says  that  he  gets  two  volts  i*eactance 
in  a  35  horse-power  motor.  In  no  motor  that  I  have  dealt  with 
have  I  got  over  half  a  volt  reactance.  So  I  imagine  that  he  must 
get  rid  of  his  sparking  by  some  other  means  than  I  have  used,  as 
two  volts  would  chew  my  commutator  up  in  very  short  order. 
In  all  that  Mr.  Dunn  said,  it  impressed  me  that  he  was  still 
clinging  to  the  idea  that  the  cause  of  injury  iu  sparking  was  this 
jumping  of  the  spark  across  the  gap  between  the  receding  seg- 
ment and  the  brush ;  I  am  not  sure  that  I  was  right  in  that,  but 
that  was  the  impression  I  got  from  his  remarks,  r^^ow  the  main 
point  that  I  intended  to  bring  out  in  this  paper  was  the  fact  that 
the  injury  was  done  before  the  segment  left  the  brush ;  that  the 
spark  was  a  mere  indication  of  injury  already  done ;  that  is,  when 
the  segment  leaves  the  brush,  the  copper  has  already  been  melted ; 
the  current  goes  through  this  melted  film  of  copper  and  volatil- 
izes the  copper  which  would  have  been  taken  away  from  the 
segment  anyway. 

In  regard  to  the  test  for  reactance,  I  agree  with  Mr.  I^einmetz 
in  that.  We  have  a  variation  of  contact  resistance  all  the  time, 
and  various  other  quantities  that  would  make  it  very  difficult  to 
say  just  what  was  measured  by  that  test.  I  never  heard  of  the 
test  before,  and  would  not  be  sure  that  it  was  not  accurate,  but 
at  the  first  sight  it  appears  to  me  to  take  in  too  many  variables 
for  us  to  be  certain  what  we  have  when  we  get  through. 

Then,  in  the  latter  part  of  Mr.  Dunn's  discussion,  he  seemed  ta 
me  to  assume  imperfect  commutation.  He  speaks  of  the  limits 
of  resistance  commutation.  I  do  not  see  that  he  mentioned  any 
such  limit,  and  I  do  not  see  how  there  could  be  any  as  far  as 
commutation  was  concerned.  Of  course,  the  resistance  commuta- 
tion, what  I  have  called  perfect  commutation,  might  be  very  ex- 
pensive. That  is  one  limit.  But  otherwise,  the  more  perfect 
the  commutation,  the  better  the  machine. 

In  regard  to  magnetic  commutation  which  he  recommends,  and 
which  he  says  might  be  done  by  means  of  an  extra  pole.  So  it 
might.  People  have  been  trying  to  do  it  for  a  long  time,  but  I 
haven't  found  that  anybody  has  succeeded  very  well  as  yet.  We 
have  had  various  shapes  of  poles  and  various  other  devices  for 
performing  what  he  calls  magnetic  commutation.  But  I  have 
yet  to  see  any  machine  regularly  manufactured,  with  any  simple 
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form  of  magnetic  commutation.  There  are  one  or  two,  or  one  at 
any  rate,  the  Ryan  dynamo,  which  is  very  complicated.  There 
is  no  other  that  I  know  of  that  has  been  regularly  on  the  market, 
but  if  anybody  can  get  it,  I  think  it  is  a  very  good  method. 

Then  there  is  another  objection  to  that  also,  that  I  mentioned 
in  my  paper,  and  I  think  really  it  is  the  reason  that  these  mag- 
netic commutation  machines  have  not  been  successful.  When 
speaking  in  the  paper  of  the  machines  that  spark  at  any  position 
of  the  brushes,  1  attribute  that  to  the  fact  that  the  commutation 
was  entirely  regulated  by  the  inductance  or  impedance  of  the 
coil  and  the  reversal  e.  m.  f.,  and  therefore  the  density  in  the 
brush  contact  might  vary  even  if  the  current  were  reversed,  and 
if  the  brush  density  does  vary,  the  energy  of  commutation  in- 
creases necessarily,  and  if,  therefore,  you  commutate  by  means  of 
a  pole-opposing  inductance,  you  will  get  a  variation  of  current 
which  is  not  Wie  best  for  low  energy  at  the  contact  surface,  and 
the  energy  may  be  concentrated  at  tne  point  near  the  edge  of  the 
brush,  where  it  would  do  most  harm. 

Mr.  Dunn:— With  regard  to  the  first  point  that  Mr.  Reid 
makes  as  to  the  resistance  of  the  brush,  stating  that  he  did  not 
know  but  that  my  cases  had  been  iiccompanied  by  a  diminution 
of  the  brush  contact  and  therefore  a  change  of  the  brush  contact 
resistance,  I  would  say  that  I  have  had  a  machine  that  sparks 
with  a  copper  gauze  brush  of  30  mesh  and  I  have  put  upon  the 
same  machine  a  brass  gauze  brush  of  the  same  dimensions  and 
mesh  and  it  stopped  the  sparking.  Now  I  think  that  leaves  very 
little  chance  for  change  of  contact  resistance. 

Mr.  Reid — May  I  interrupt  you  a  moment  ?  What  I  meant 
was  not  change  in  the  area,  but  change  in  the  resistance  due  to 
change  in  the  substance.  I  did  not  mean  to  say  that  you  had 
changed  the  contact  area  of  the  brush,  but  simply  that  the  change 
in  the  substance  of  the  brush  itself  with  the  same  contact  area 
would  change  the  contact  resistance. 

Mr.  Dunn: — As  to  that,  I  do  not  know.  But  Prof.  Crocker 
had  some  experiments  made  a  year  or  so  ago  upon  the  contact 
resistance  between  moving  metal  surfaces  oi  copper  and 
various  brushes  bearing  upon  it,  including  carbon  and  various 
metals,  and  as  I  remeraoer  it,  the  contact  resistance  did  not  vary 
very  much  between  the  different  metals.  We  can  certainly  get 
the  information  from  that  source. 

Now  with  regard  to  the  aspersions  upon  this  two  volt  reac- 
tance. I  have  designed  machines  that  have  sparked,  but  in 
this  case  you  are  attacking  one  that  does  not.  The  armature 
wound  for  500  volts,  has  even  between  four  and  five  volts  reac- 
tive drop,  and  I  have  run  it  at  60  per  cent,  overload  with  practi- 
cally no  sparking,  and  at  20  per  cent,  overload  with  absolutely 
no  sparking. 

With  regard  to  the  damage  being  done  by  the  sparks  at  the 
toe  of  the  brush,  I  thoroughly  agree  with  Mr.  Reid.     He  has 
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brought  oat  a  very  valuable  point.  Commutators  can  be  cut 
very  badly  and  injured  so  that  the  machine  is  useless,  without  a 
spark  appearing  at  the  brush  until  after  the  harm  has  been  done. 

With  regard  to  the  contact  resistance,  I  have  before  me  some 
results  of  a  test  I  made  this  afternoon,  thinking  to  compare  the 
contact  resistance  of  graphite  with  the  contact  resistance  of  carbon 
which  I  knew  about.  With  carbon,  the  contact  resistance  is  not 
constant,  but  rises  very  rapidly  at  first  with  the  least  motion  of 
the  armature.  The  armature,  if  stationary,  might  have  a  drop 
across  it  of  4.2  volts  when  the  slightest  motion  by  the  hand 
would  bring  that  up  to  4.4  volts,  but  after  that  first  rise  has  taken 
place  suddenly,  then  it  seems  to  go  on  evenly.  Now  this  is  for 
carbon,  and  gives  two-tenths  of  a  volt  due  to  change  of  contact 
resistance  with  speed,  out  of  a  reactive  drop  of  2  volts;  which 
shows  if  we  do  make  an  error  in  estimating  the  change  of  con- 
tact resistance,  it  will  not  affect  our  result  very  largely ;  but  the 
same  cannot  be  said  of  the  graphite  brushes.  The  graphite  brashes 
behave  in  the  most  extraordinary  manner.  The  volts  may  go  up 
a  whole  volt  when  vou  start  to  turn  the  armature  the  smallest 
amount.  I  suppose  that  is  due  to  the  nature  of  the  graphite  and 
one  reason  why  telephones  are  so  good. 

liVith  regard  to  magnetic  commutation,  I  was  only  indulging  a 
little.  I  know  that  the  magnetic  commutation  has  not  been  suc- 
cessful so  far,  but  that  does  not  mean  that  it  cannot  be,  and  I 
simply  hope  to  see  it  successful. 

The  Chairman  : — Gentlemen,  it  seems  to  me  that  the  ques- 
tion whether  the  contact  resistance  or  the  internal  resistance  of  the 
brush  is  larger,  is  a  more  relative  one,  and  depends  on  the  kind 
of  brushes  used.  With  ordinary  carbon  brushes,  1  know  that 
the  internal  resistance  of  the  brush  is  entirely  negligible  com- 
pared with  the  contact  resistances.  But  with  these  Wirt  brushes 
with  insulation  between  the  leaves,  the  internal  resistance  of  the 
brush  may  be  far  larger  than  the  contact  resistance,  although  I 
have  never  tested  tliera.  Now,  the  effect  on  the  commutation 
must  be  undoubtedly  very  nearly  the  same  whether  the  resistance 
is  in  the  contact  or  internally,  fn  regard  to  the  question  whether 
the  contact  resistance  depends  on  the  material  or  not,  I  may  state 
that  it  does  depend.  The  contact  resistance  of  the  ordinary  com- 
mutator brush  carbons  is  many  times  larger  than  the  contact  re- 
sistance of  copper  brushes.  Curiously  enough,  the  contact  resist- 
ance of  graphite  is  very  similar,  but  the  magnitude  of  the  re- 
sistance drops  given  by  Mr.  Dunn  is  entirely  different  from  any- 
thing I  ever  found  at  the  current  densities  commonly  used.  The 
contact  resistance  voltage  of  continuous  current  machines  is  found 
something  like  one  volt  or  more,  but  not  tenths  of  volts.  It 
varies  slightly  with  the  speed,  not  very  much.  This  resistance 
applies  to  the  carbon  brush  on  a  commutator  running  at  some 
tnousand  feet  a  minute,  not  standing  still.  Standing  still,  the 
resistance  is  very  much  less. 
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Mr.  Dunn  : — I  would  like  to  bring  out  one  further  point  that 
may  be  of  interest.  It  has  a  bearing  on  the  fact  that  the  resist- 
ance of  the  brush  and  not  of  the  contact  has  to  do  with  the  re- 
versal of  the  coil.  I  do  not  mean  that  the  contact  resistance  has 
no  effect,  but  the  volumetric  resistance  does  have  a  large  effect. 
I  have  taken  sparking  which  would  occur  with  a  brush  of  the 
kind  shown  at  Vig.  4,  and  have  stopped  it  by  using  a  brush  of 
about  the  same  spread  on  the  commutator,  but  inclined  as  at  b. 
That  would  make,vou  see,  the  reversing  current  volume,  which  is 
thrown  over  into  the  toe  of  the  brush,  discriminate  between  the 
toe  and  the  heel  of  the  brush,  and  help  the  reversal  by  having  a 
longer  path  of  conf»equently  higher  resistance  at  the  toe.  If  it 
is  true,  then  the  form  of  brush  which  bears  on  the  commutator 
in  the  opposite  direction,  as  in  o.  Fig.  4,  would  be  less  valuable 
for  stopping  sparking  than  the  other,  but  I  have  never  made  any 
measurements  or  experiments  on  this.      , 

Dr.  a.  E.  Kennellt  :— One  of  the  principal  points  in  this 
very  interesting  paper  is  one  that  seems  to  me  to  nave  occupied 


Fig.  4. 

less  attention  than  it  deserves.  The  theory  of  sparking  considered 
in  the  paper  is  more  than  the  theory  that  has  generally  been  ad- 
vanced, by  reason  of  the  melting  process.  The  theory  considered 
here  is  the  theory  that  has  generally  been  advanced  plus  the  effect 
of  melting  the  copper  and  discharging  that  melted  copper  across 
the  gap.  In  other  words,  Mr.  Keid  has  taken  the  ground  that 
the  damage  is  done  before  the  brush  leaves ;  whereas  according 
to  the  ordinary  theory,  the  damage  is  not  done  until  the  brush 
has  left  the  commutator  bar.  It  seems  to  me  that  this  can 
scarcely  be  differentiated  from  the  ordinary  theory,  because  when- 
ever the  conditions  are  present  which  will  produce  a  powerful 
discharge  at  the  moment  of  leaving  the  bar,  it  seems  to  me  that 
you  have  the  conditions  which  will  produce  a  very  powerful  cur- 
rent and  produce  this  very  melting  he  speaks  about.  In  other 
words,  you  cannot  have  a  powerful  current  density  at  the  edge 
of  the  commutator  segment,  such  as  would  melt  it,  without  hav- 
ing the  conditions  favorable  to  producing  the  very  discharge  that 
the  spark  ordinarily  has  been  considered  to  be.     The  cause  of 
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sparking,  we  all  agree  upon  as  being  a  difference  of  potential 
between  tlie  edge  of  the  brush  and  the  edge  of  the  commutator 
segment,  and  that  difference  of  potential  is  ordinarily  due  to  self- 
induction  of  the  coil  and  the  commutation.  The  electro-motive 
force  of  the  self-induction  is  that  which  produces  the  discharge. 
That  electro-motive  force  can  be  neutralized  in  two  ways ;  first, 
by  the  resistance  method,  by  opposing  to  it  a  drop  of  pressure 
produced  in  the  toe  of  the  brush  producing  an  electro-motive 
force  available  for  opposing  the  electro-motive  force  of  self- 
induction.  The  second  way  is  by  introducing  into  the  moving 
coil  under  commutation,  an  e.  m.  f.  induced  by  magnetic  flux. 

In  some  cases  that  is  done  by  forcing  the  brushes  forward.  In 
other  cases  it  is  done  by  employing  a  separate  pole,  as  in  the 
Kyan  and  Sayers  machines.  When  you  get  a  sufficient  differ- 
ence of  potential  at  the  point  of  discharge  to  obtain  a  powerful 
spark,  surely  you  are  likely  to  have  a  sutficient  current  density  at 
tue  edge  of  the  commutator  bar  to  produce  this  high  temperature 
and  melting  and  volatilizing.  So  do  not  these  two  effects  of 
sparking  and  melting  merge  together,  and  shouldn't  they  l)e  con- 
sidered as  parts  of  the  same  phenomenon,  rather  than  two  separ- 
ate phenomena  which  Mr.  iieid  in  his  paper  leads  us  to  suspect. 

This  interesting  method  of  determining  the  reactive  drop  in 
the  armature  of  the  machine  described  by  Mr.  Dunn,  cannot 
of  course,  give  the  reactance  of  the  whole  armature,  but  only  the 
apparent  reactance  of  the  armature,  when  working  as  a  con- 
tinuous current  generator,  including  as  Mr.  Steinmetz  has  pointed 
out,  the  variable  surface  contact  resistance  under  conditions  of 
vibration  and  rotation,  the  conditions  of  variable  surface  on  the 
brush,  and  the  conditions  of  inductance  in  one  Q,oil,  as  modified 
by  the  local  surroundings,  since  if  you  put  the  same  armature  in- 
to the  pole-pieces,  the  apparent  inductance  of  the  coil  is  liable  to 
be  varied.  But  the  method  shows  how  carefully  we  should  dis- 
tinguish between  what  is  commonly  called  the  resistance  of  the 
armature  including  the  brushes,  when  stationary,  and  when  run- 
ning. 

Mr.  Reii)  : — In  regard  to  Dr.  Kennelly's  contention  that  the 
melting  would  not  occur  unless  there  w«w  sufficient  energy  at  the 
ed^e  of  the  brush  to  draw  sparks,  there  was  one  kind  of  commu- 
tation mentioned,  where  there  would  be  no  sparking  with  de- 
struction of  the  commutator,  and  on  the  other  hand  there  was 
another  where  there  would  be  sparking  without  any  injury  to  the 
commutator.  The  first  case  was  where  the  entering  segment  had 
a  higher  current  per  square  inch  than  the  receding  one,  where 
the  copper  was  melted  in  the  front  part  of  the  segment  and 
carried  over  onto  the  back.  That  is  where  there  is  no  spark. 
The  commutator  gradually  wears  away  and  the  spark  appears 
after  a  while.  Then  the  other  case  was  where  the  current  is  not 
entirely  reversed  by  the  time  the  segment  leaves  the  brush,  but 
the  segment  leaves  the  brush  with  a  small  difference  of  potential^ 
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«nd  the  spark  jumps  across  and  does  no  harm,  because  the  main 
part  of  its  energy  is  dissipated  in  the  air  between  the  segment 
and  the  brush.  Unless  there  is  melted  copper  tliere  through 
which  to  draw  an  arc,  as  you  do  in  an  arc  lamp,  no  harm  will  be 
done.  That  was  the  principle  I  brought  out,  and  I  think  still 
that  jthat  is  a  correct  one. 

Mr.  Dunn  : — In  vindication  of  my  method,  the  experiments 
and  the  computations  also  will  show  that  it  does  not  include  a 
number  of  uncertain  quantities,  or  quantities  of  importance  in 
comparison  with  the  result.  Now,  in  this  armature  our  reactive 
drop(whiah  is  the  difference  between  the  drop  when  the  armature 
is  standing  still,  and  when  it  is  moving)  is  about  two  volts.  With 
carbon  brushes  in  which  the  variation  of  contact  resistance  is 
small,  the  measured  valueof  the  reactance  comes  out  about  three- 
quarters  of  the  computed  value  after  all  allowances  have  been 
made  for  contact  resistance,  brush  resistance  and  variation  of  con- 
tact resistance  with  speed.  I  think  this  remarkably  close  in  view 
of  the  very  high  frequency  which  introduces  uncertain  elements 
and  is  a  proof  of  the  method. 

Mr.  Kknnelly  : — In  regard  to  what  Mr.  Eeid  has  said,  no 
doubt  it  is  true  when  you  get  sufficient  current  density  at  the 
«dge  of  the  commutator  bar  you  will  melt  it,  and  no  doubt  it  is 
true  that  when  you  enter  a  segment  with  too  much  current  den- 
sity, you  will  melt  the  segment.  But  when  the  brush  leaves  a 
bar,  if  there  be  any  considerable  difference  of  potential  between 
the  two,  there  will  be  a  spark.  The  question  is,  whether  so  soon 
as  there  is  much  spark  discharge,  there  will  not  also  be  sufficient 
heat  to  melt  the  edge  of  the  bar. 

Mr.  Keid  : — In  the  case  of  the  Ruhmkorff  coil,  or  any  other 
coil  of  that  character,  you  can  get  sparks  all  day,  and  it  will  not 
hurt  your  points.  You  can  get  large  sparks,  and  the  points  may 
be  mere  needle  points,  and  they  will  stay  there  all  day.  You  can 
get  the  same  thing  in  commutation.  You  can  get  sparks  going 
from  the  segment  to  the  brush,  and  provided  there  is  no  melted 
copper  or  volatilized  copper  to  form  an  arc,  you  can  get  sparks  all 
day  that  will  not  hurt  your  commutator.  We  often  have  what  I 
call  the  blue  spark,  and  Ave  have  it  on  railway  motors  all  the  time, 
— I  do  not  mean  on  all  of  them,  but  we  have  it  on  railway  motors 
that  will  run  right  straight  along,  year  in  and  year  out,  with  the 
spark, — and  the  commutator  will  be  just  as  hard  and  glossy 
as  you  like.  The  spark  is  no  indication  of  injury.  The  only  in- 
jury that  is  done  is  when  the  copper  is  melted  before  the  brush 
leaves  the  segment.  We  may  have  any  amount  of  sparking,  not 
vicious  sparking,  however,  so  long  as  you  please,  (I  might  say,  if 
it  is  a  blue  spark),  and  it  will  not  injure  the  commutator. 

The  Chairman  : — The  best  instance  of  such  a  harmless  spark 
is  the  open  coil  arc  light  machine.  That  macliine  requires  for 
stable  commutation  a  spark  of  considerable  length,  and  the  spark 
runs  on  all  night  and  day  without  hurting  the  commutator,  be- 
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cause  the  current  is  limited — not  sufficient  to  volatilize  the 
copper.  That  brings  up  another  feature,  namely,  that  Mr.  Keid's 
paper  and  the  whole  discussion  have  dealt  with  one  kind  of  com- 
mutation only,  which,  however,  is  not  the  only  kind,  because  a 
very  lar^e  class  of  machines,  the  arc  light  machines,  commutate 
in  an  entirely  different  manner.  With  them  it  is  neither  resistance 
commutation  nor  magnetic  commutation,  or,  as  it  is  perhaps  pre- 
ferable to  call  it,  magnetic  field  commutation ;  but  a  different 
phenomenon,  which  would  take  too  long  to  discuss  here,  but 
which  might  very  properly  form  the  basis  of  a  separate  paper. 
It  takes  place  in  open  coil  arc  machines,  alternating  current  recti- 
fiers and  self-exciting  synchronous  motors  or  alternators.  Thus, 
you  see,  the  commutation  discussed  in  this  paper  is  not  the  only 
kind  of  commutation  which  exists. 

Dr.  Wm.  E.  Geyer: — I  should  like  to  ask  the  gentlemen  wha 
have  discussed  this  matter,  whether  in  their  treatment  they  have 
considered  another  electromotive  force  which  I  think  has  not 
been  mentioned.  I  have  reference  to  thermo-electric  electro- 
motive force.  That  we  all  know  is  very  small,  and  we  ordinarily 
despise  it.  But  in  this  case  where  the  junction  of  two  similar 
metals  is  at  the  melting  point  of  copper,  and  the  other  ends  are 
relatively  cold,  I  imagine  we  miglit  get  quantities  worth  con- 
sidering. 

The  Chairman: — I  may  answer  that  question  in  the  negative, 
in  so  far  as  I  cannot  see  how  you  can  get  the  effect  of  thermo- 
electromotive  force,  since  having  two  couples  in  series,  what- 
ever electromotive  force  you  get  on  the  positive  brush  must  be 
opposed  by  an  opposite  electromotive  force  at  the  negative  bruth, 
so  the  result  must  be  zero,  I  should  think. 

Dr.  Geyer: — I  have  reference  to  the  action  at  one  of  the 
brushes,  not  to  the  machine  as  a  whole,  but  to  the  actions  around 
a  single  brush. 

The  Chairman  : — I  do  not  know  of  any  tests  made  in  this 
respect. 

if  there  is  no  further  discussion  on  this  subject  we  will  pro- 
ceed to  the  second  part  of  the  program n^e,  an  exhibition  of 
"  Wireless  Telegraphy."  But  I  would  suggest  that  in  view  of 
the  very  interesting  paper,  a  vote  of  thanks  to  Mr.  Reid  would 
be  proper. 

Mr.  Dunn: — May  I  have  the  pleasure  of  moving  a  vote  of 
thanks  from   the  Institute  to  Mr.  Reid  for  his  very  able  paper. 

The  Chairman  : — The  motion  is  carried.  1  thank  Mr.  Keid 
here  in  the  name  of  the  Institite,  for  his  very  interesting  and 
valuable  paper  which  I  am  sure  will  be  of  importance  and  value 
in  our  Transactions  even  after  years. 

The  second  part  of  the  programme  is  now  in  order,  an  exhibi- 
tion of  "  Wireless  Telegraphy."  I  will  call  upon  Dr.  Kennelly 
to  take  the  Chair. 
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WIRELESS  TELEGRAPHY. 
December  10,  1897. 

Mr.  W.  J.  Clarke  : — Mr.  Chairman  and  gentlemen  :  Having 
been  requested  this  evening  to  give  you  an  exhibition  of  the  Mar- 
coni apparatus,  I  am  pleased  to  be  able  to  say  that  I  am  in  a  posi- 
tion to  do  so.  I  think  perhaps  it  might  be  well  to  give  you  a  short 
explanation  of  the  apparatus  which  we  use.  In  the  first  place, 
we  have  here  on  the  front  of  the  base,  a  Marconi  coherer  consist- 
ing of  a  small  glass  tube,  fitted  with  silver  plugs  connected  to 
platinum  wires  at  the  end.  These  plugs  are  very  close  together, 
about  the  centre  of  the  tube,  the  intervening  space  being  filled 
in  with  nickel  filings.  I  have  found  that  it  is  entirely  unneces- 
sary to  either  exhaust  or  seal  the  tube.  1  also  find  that  we  can 
use  almost  any  kind  of  metal  for  the  filings.  When  the  cohe- 
sion is  examined  under  the  microscope,  I  find  that  what  we  have 
to  provide  for  is  the  proper  size  of  the  tilings,  and  not  the  proper 
kind  of  metal.  This  coherer  is  placed  in  series  with  this  relay 
which  is  of  about  1200  ohms  resistance,  and  made  extremely 
sensitive,  more  so  than  the  ordinary  Morse  relay.  In  series 
with  it,  also,  are  two  cells  of  small  dry  battery  placed  in  the 
base.  These  are  arranged  so  that  we  can  use  either  one  cell  or 
two,  the  object  of  this  being  that  when  the  cells  are  new,  we  can 
use  only  one  in  order  to  prevent  corrosion  of  the  filings  where 
they  cohere.  As  the  cells  grow  older  we  simply  throw  our  a 
swit<;h,  and  use  two  cells.  This  sounder  is  a  2U-ohm  instrument. 
It  is  placed  in  multiple  with  this  cohering  apparatus  consist- 
ing of  a  20-ohm  vibrator  placed  in  the  base.  The  local  battery 
consists  of  three  cells  of  dry  battery  arranged  as  with  the  main 
battery,  so  that  we  can  either  use  one,  two  or  three  of  the  cells. 
This  Morse  key  is  simply  used  in  order  that  we  may  see  that  the 
apparatus  is  in  proper  condition.  Pressing  this  key  short-circuits 
the  coherer.  Our  transmitter  consists  of  an  eight-inch  induction 
coil.  A  much  smaller  one,  though,  is  all  that  is  necessary  for  a 
short  distance.  This  coil  has  its  secondary  tenninals  connected 
with  two  brass  balls,  each  an  inch  and  a  half  in  diameter.  These 
balls  are  brought  into  close  proximity,  in  fact  in  most  cases  touch- 
ing two  large  brass  balls,  four  inches  in  diameter.  The  large 
balls  are  securely  cemented  in  the  ends  of  a  rubber  tube,  and  the 
distance  between  them  on  the  inside  of  the  tube  is  about  one- 
thirty-second  of  an  inch.  The  space  between  the  balls  in  the 
tube  is  filled  with  the  purest  quality  of  vaseline  oil,  and  the 
moment  that  we  close  the  circuit  through  the  primary  of  the 
coil  the  electric  waves  generated  strike  the  coherer,  the  filings 
cohere,  and  the  resistance  is  sufficiently  reduced  to  operate  the 
relay.  Sometimes  we  have  trouble  with  this  particular  instru- 
ment, not  on  account  of  the  system  being  imperfect,  but  on 
account  of  the  fact  that  it  is  the  first  piece  of  portable  apparatus 


608  CLARKE  ON  WIRELESS  TELEGAAPUT.  [Dec.  15, 

that  I  know  of  built  in  this  country,  and  of  course  you  under- 
stand that  the  first  piece  of  apparatus  is  liable  to  iniperfection. 
I  think  now  that  everything  is  in  proper  shape,  and  1  will  pro- 
ceed to  the  other  room  and  close  the  circuit  of  the  primary  of 
induction  coil,  and  I  think  you  will  see  the  receiver  respond,  and 
after  doing  this  we  will  close  the  doors  and  work  the  receiver 
through  the  glass  doors.. 

[Apparatus  shown  in  operation.] 

The  Chairman: — [Dr.  KennellyJ.  Gentlemen,  you  have 
witnessed  an  interesthig  exhibition,  and  I  am  sure  that  nnany 
must  be  desirous  of  asking  Mr.  Clarke  some  questions  upon 
the  difficulties  he  has  had  to  encounter  in  making  this  instru- 
ment, and  the  various  matters  he  has  found  necessary  to  take 
into  account.  I  am  sure  that  if  he  is  as  readv  to  answer  as  he  has 
been  ready  to  describe  the  apparatus  that  he  will  respond. 

Mr.  Gano  S.  Dltxn  : — I  should  like  to  ask  whether  the  circuit 
remains  closed  while  the  shower  of  s])arks  is  passing,  and  also, 
if  Mr.  Clarke  would  describe  the  action  of  the  coherer. 

Mr.  Clarke: — I  would  like  to  say  that  with  proper  adjust- 
ment, the  circuit  remains  closed  as  long  as  the  primary  circuit  of 
the  induction  coil  is  closed,  and  a^s  long  as  the  vibrator  of  the  in- 
duction coil  is  in  action,  rnfortunateiy  the  adjustment  which 
we  have  on  our  decohering  apparatus  in  this  instrument  is  not 
sufficiently  under  control,  so  that  I  cannot  get  the  fine  adjust- 
ment necessary  for  transmitting  intelligible  Morse  signals,  but 
this  is  simplv  a  question  of  proper  adjustment.  Now  with  re- 
gard to  the  coherer,  as  I  said  before,  it  simply  consists  of  two 
conductors  separated  by  a  very  short  interval,  this  space  being 
filled  with  metallic  tilings.  The  tilings  are  of  such  a  size  and 
the  distance  apart  of  the  conductors  is  such,  that  while  the  filings 
are  lying  loose,  the  resistance  through  the  tube  is  very  high  indeed. 
But  the  moment  that  the  tilings  cohere,  the  resistance  is  wery 
much  reduced,  so  much  so  that  the  current  in  scries  with  the 
relay  is  able  to  pass  to  a  sufficient  extent  to  operate  the  relay. 
I  may  say  that  I  have  been  so  very  busily  engaged  in  getting  a 
smaller  and  less  expensive  set  of  appamtus  ready  for  the  market, 
that  I  have  not  had  an  opportunity  to  experiment  very  largely 
with  the  question  of  the  (listance,  but  I  expect  during  the  next 
week  to  be  able  to  accomplish  something  in  that  direction. 

Mr.  Dunn  : — I  have  done  a  good  deal  of  telegraphing  and  am 
familiar  with  the  frequency  requisite  to  get  all  the  signals  in. 
For  instance,  when  the  operator  is  sending  very  rapidly,  his  ''e" 
dot,  by  the  time  it  reaches  the  other  end  may  be  onlv  a  verv 
small  fraction  of  a  second.  I  noticed  the  frequency  of  your  coil 
was  readily  ()l)servable,  I  could  almost  count  it  by  beats,  and  I 
wanted  to  inquire  how  long  c)ne  discharge  of  tlie  coil  would  cause 
the  tilings  to  cohere,  and  hold  the  circuit  closed. 

Mr.  (h.ARKE:--The  coherer,  when  in  proper  shape,  in  which 
this  hardly  is,  is  so  very  sensitive  that  it  is  not  necessary  to  have 
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a  yibrator  on  tlie  coil  at  all.  It  is  eimply  necessary  to  have  a 
Morse  key.  The  coherer  responds  the  moment  you  close  the 
circuit,  only  in  this  case,  of  course,  it  simply  coheres  and  deco- 
heres instantly,  and  the  circuit  of  the  sounder  is  closed  and 
opened. 

Mr.  Dunn: — If  when  you  close  your  key  on  the  induction  coil 
that  causes  the  filings  to  cohere,  and  then  decohere  immediately, 
your  sounder  here  would  make  its  down  click,  and  be  followed  by 
jts  up  click  when  the  key  in  the  other  room  has  not  risen. 

Mr.  Clarke  : — Yes. 

Mr.  Dunn  : — Then  you  would  have  to  use  some  different  sys- 
tem from  the  ordinary  Morse  for  sending. 

Mr.  Clarke: — No,  because  when  we  use  the  vibrator  on  the 
coil,  and  everything  is  in  proper  adjustment,  the  filings  cohere  as 
long  as  our  coil  is  working,  and  decohere  the  moment  we  stop  it 
by  opening  our  key. 

Mit.  Dunn  : — The  vibrator  frequency  is  about  800  a  minute. 


T)iagram  of  Marconi  Apparatus. 

Mr.  Clarke: — Well,  I  may  vsay  that  the  coil  we  are  using  is 
not  the  coil  that  we  use  for  (^uick  signaling.  We  use  a  lesla 
coil  for  that  })urpo6e,  a  very  high-fre(jiiency  coil. 

The  Chairman  : — 1  might  suggest  for  ihe  benefit  of  some  who 
may  not  be  familiar  with  the  subject,  that  if  you  sketch  the  out- 
line of  the  connection  on  the  board  it  may  help. 

Mr.  Clarke  : — I  will  do  that,  I  might  say  that  at  some 
future  time  I  would  be  very  glad  to  show  you  the  stereoptieon 
diagrams  on  the  sheet,  of  the  different  classes  of  this  apparatus 
we  are  making  up.  It  is  a  little  diflicult  to  explain  it  on  the 
blackboard,  but  I  will  do  the  best  that  I  can.  Here  we  have  the 
coherer  a  somewhat  enlarged.  These  b  b' are  the  silver  plugs. 
The  filings  are  between  the  ends  of  those  plugs.  The  main  bat- 
tery b'  is  connected  to  one  end  of  the  conerer.     The  other  ter- 
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minal  of  the  battery  is  connected  to  one  terminal  of  the  1200- 
ohm  relay  r.  The  other  terminal  of  tlie  relay  ie  connected  to 
the  coherer.  Now  when  the  apparatus  is  in  its  normal  condition, 
the  relay  is  so  adjusted  and  the  resistance  of  the  tilings  is  snch, 
that  the  current  from  the  battery  will  not  pass  to  a  suffici- 
ent extent  to  operate  the  armature  of  the  relay,  but  when 
the  waves  from  the  transmitter  strike  the  tilings  and  they 
cohere  to  each  other,  and  also  to  the  silver  pluffs,  as  exami- 
nation under  the  microscope  shows  that  they  do,  the  resistance 
is  so  reduced  as  to  allow  sufficient  current  to  pass  from  this  bat- 
tery to  operate  the  relay.  The  moment  the  relay  operates,  it 
pulls  up  its  armature,  making  the  contact  c.  The  moment  this 
contact  is  made,  the  current  from  the  local  battery  l  traverses 
the  wire  w  to  the  armature  of  the  relay  r\  from  the  armature 
across  the  contact  to  the  screw  s,  back  to  the  sounder  d  and 
back  again  to  the  battery.  Now  once  the  tilings  have  responded  to 
the  waves  and  cohere,  they  will  remain  cohering  unless  we  have 
some  means  of  decohering  them.  In  order  to  accomplish  this, 
we  have  a  vibrating  hammer  which  strikes  the  tube.  This 
vibrator  is  placed  in  multiple  circuit  with  the  sounder.  They 
are  both  of  comparatively  high  resistance. 

Mr.  Edward  Dcrant: — i  would  like  to  ask  what  is  the  great- 
est distance  at  which  you  can  get  communication  ? 

Mr.  Clarke: — I  may  say  that  I  have  not  tried  the  instru- 
ments at  very  long  range.  I  have  not  had  either  the  time  or  the 
opportunity.  But  I  understand  from  the  reports  coming  from 
the  other  side,  that  Mr.  Marconi  has  had  no  difficulty  in  trans- 
mitting intelligible  signals  twelve  miles. 

Mr.  Mac(;re(;or  : — I  should  like  to  ask  one  or  two  questions. 
The  tirst  is, — does  it  make  any  difference  as  to  what  the  relative 
position  of  the  tubes  containing  the  tilings  is  i  Is  the  position 
you  have  it  in  all  essential  i 

Mr.  Clarke  : — I  have  not  found  that  it  is. 

Mr.  Macgreuor — The  second  thing  I  want  to  ask  is,  whether 
there  is  any  fixed  relation  between  these  two  pieces  of  apparatus. 
In  other  w^ords,  would  any  other  induction  coil  produce  the  same 
eifect  as  this  one,  or  are  these  two  instruments  related  so  as  to 
form  a  pair  ?  If  intelligence  transmitted  from  one  piece  of  appa- 
ratus could  be  read  bv  any  one  of  a  hundred  machines,  this  method 
of  telegraphy  would  have  its  disadvantages. 

Mr.  Clarke: — In  the  tirst  place,  I  have  not  found  using  the 
short  ranges  over  which  I  have  tried  the  apparatus,  that  it  makes 
any  difference  in  what  position  either  the  receiver  or  transmitter 
is  placed.  In  regard  to  their  being  any  tune,  as  we  mav  call  it, 
between  the  transmitter  and  receiver,  T  may  say  that  Marconi 
claims  that  it  is  absolutely  necessary  to  have  the  transmitter  and 
the  receiver  in  what  we  might  call  synchronism.  In  order  to 
accomplish  that,  he  takes  two  strips  of  copper,  each  about  half 
an  inch  in  width,  and  attaches  them  to  the  end  of  his  tube,  one 
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on  each  end.  These  strips  of  copper  he  claims  have  been  short- 
ened or  lengthened  in  accordance  with  the  frequency  of  our 
transmitting  apparatus.  In  order  to  ascertain  what  is  the  proper 
length,  he  takes  a  piece  of  glass  and  pastes  upon  it  a  strip  of  tin 
foil  about  half  an  inch  in  width,  and  two  or  three  feet  in  length. 
He  divides  this  strip  in  the  centre  with  a  very  sharp  knife.  He 
sets  his  transmitter  in  a  dark  room  and  places  this  testing  appa- 
ratus in  front  of  it,  at  a  few  yards  distant.  He  operates  tiis 
transmitter,  and  when  he  does  so,  the  same  as  in  the  experiments 
of  Hertz,  he  notices  small  sparks  passing  across  between  the  di- 
vided tin  foil.  He  moves  his  tester  further  from  the  transmitter 
until  the  sparks  entirely  disappear.  Then  he  cuts  oif,  say  half 
an  inch,  from  each  end  of  his  tin  foil  and  immediately  the  sparks 
reappear.  He  goes  further,  until  the  sparks  disappear  again, 
and  ne  keeps  on  cutting  down  each  end  of  his  tin  foil,  until  he 
finds  that  he  is  working  in  the  other  direction,  and  that  if  he 
cuts  it  any  more,  he  simply  has  to  go  back  closer  to  the  coil  in 
order  that  the  sparks  at  this  point  will  reappear.  Then  he  finds 
he  has  got  the  proper  length.  Accordingly,  he  cuts  what  he  calls 
the  wings  of  the  colierer  nearly  the  same  length  as  these  two 

Sieces  of  tin  foil.  I  may  say  that  in  the  comparatively  small 
istanee  over  which  I  have  tried  the  apparatus,  I  have  not  found 
it  necessary  to  have  any  wings  on  tlie  tube  at  all,  or  that  it  is 
necessary  to  have  the  apparatus  in  any  kind  of  synchronism,  I 
find  that  some  recent  writers  in  the  London  Electrician  bear  me 
out  in  this.  I  see  it  stated  that  in  one  of  the  exhibitions  given 
by  Mr.  Marconi,  or  some  of  his  associates,  that  in  order  to  show 
how  readily  the  waves  would  go  through  a  piece  of  iron,  the 
coherer  was  placed  in  an  iron  box,  and  in  order  to  place  it  there, 
it  was  necessary  to  remove  the  wings,  but  the  coherer  responded 
just  the  same. 

Dr.  Sam'l  Sheldon  : — I  would  like  to  ask  if  it  is  essential  that 
you  should  have  silver  for  the  two  electrodes. 

Mr.  Clarke  : — The  only  object,  as  far  as  I  ciin  see,  is  simply 
to  keep  tlie  points  of  contact  clean. 

Dr.  Sheldon  : — Then  the  object  of  a  vacuum  would  be  to  pre- 
vent the  silver  from  oxidizing. 

Mr.  Clarke: — Yes,  and  I  may  say  in  this  connection  too,  that 
experiments  have  been  tried  with  putting  the  filings  in  hydrogen 
gas,  but  it  was  found  that  they  speedily  became  too  bright  and 
clean,  so  much  so  that  they  coliered  all  the  time.  If  the  filings 
are  examined  under  a  microscope  and  i\\Q  waves  are  acting  upon 
them,  it  will  be  noticed  that  the  moment  they  decohere  you  will 
see  little  bright  spots  where  the  particles  of  metal  have  been 
touching  each  other.     Those  bright  spots  rapidly  disappear. 

Mr.  C.  T.  Child  : — I  would  like  to  ask  if  that  decoherer  is  in 
the  nature  of  an  electro-magnetic  vibrator. 

Mr.  Clarke  : — Yes. 
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Mr.  Child  : — How  do  you  shield  the  coherer  from  the  waves 
sent  out  from  that  instrument  ? 

Mr.  Clarke  : — We  do  not  find  that  it  affects  them  in  the 
least. 

Mr.  Child  : — I  should  think  that  those  waves  would  affect  it. 

Mr.  Clarke  : — Well,  Mr.  Marconi  claims  that  it  does.  I 
have  not  found  any  effect  at  all.  Perhaps  it  is  because  I  have 
guarded  against  that  by  cutting  down  the  sparks  at  the  contact 
with  resistance  coils,  and  also  placing  a  resistance  across  the  ter- 
minals of  all  the  magnets. 

A  Member  : — I  fancy  that  the  resistance  must  be  very  low 
with  those  metal  filings  there,  so  low  that  the  variation  must  be 
very  small  as  we  find  at  once  in  telephone  experiments  where  we 
use  metal  filings.  May  I  ask  what  the  resistance  is  of  that 
coherer  ? 

Mr.  Clarke: — I  may  say  that  although  I  have  the  facilities, 
I  have  not  had  the  time  to  make  a  thorough  test  in  that  direc- 
tion and  I  can  only  guess  at  what  the  resistance  really  is.  I 
expect  very  shortly  to  devote  very  considerable  time  in  making 
a  thorough  test. 

The  Chairman  : — It  is  very  high,  isn't  it  ? 

Mr.  Clarke  : — I  hardly  think  so,  because  you  will  see  we  have 
a  resistance  in  the  relay  of  1200  ohms,  and  one  cell  of  dry  bat- 
tery is  all  that  we  require  to  operate  it.  In  fact  if  we  use  silver 
filings  it  is  difficult  to  get  them  to  decohere  enough  to  interrupt 
the  now  of  current.  I  should  have  stated  that  silver  is  the  only 
metal  I  have  found  that  is  too  sensitive. 

Mr.  Wintringham: — How  so  i 

Mr.  Clarke  : — If  we  use  silver  filings  we  find  it  almost  im- 
possible to  adjust  the  apparatus  so  timt  the  circuit  will  remain 
open  and  then  close  when  the  waves  strike  it.  Silver  filings  are 
so  very  clean  and  bright,  that  they  form  a  very  low  resistance 
across  the  plugs  in  the  tube,  much  lower  than  nickel  or  any  other 
metal  that  I  have  tried.  I  have  not  tried  gold  or  any  metal  of 
that  kind.     I  do  not  know  how  they  would  act. 

The  Chairman:— If  there  are  no  further  questions,  I  feel 
sure  that  you  will  endorse  my  recommendation  that  a  vote  of 
thanks  be  extended  to  Mr.  Clarke  for  his  kindness  in  exhibiting 
the  apparatus,  and  in  so  patiently  answering  all  our  questions 
prompted  by  a  very  natural  curiosity.  I  need  hardly  put  that  to 
vote.     I  think  I  am  justified  in  extending  that  vote  of  thanks. 

Mr.  Albon  Man  : — Will  the  gentleman  answer  one  question  i 
The  origin  of  weaves  seems  to  be  provided  for  between  the  large 
balls  in  the  rubber  tubes.  Why  are  not  other  waves  gen- 
erated between  the  small  balls  and  the  large  ones,  or  are  they 
generated,  and  do  they  have  the  same  effect  as  the  ones  in  the 
tube  i  I  understand  that  sparks  pass  between  the  terminals  of 
the  small  balls  and  the  large  ones. 

Mr.  Clarke  : — Yes. 
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Mr.  Man  : — Are  they  Dot  a  source  of  electrical  waves  ? 

Mr.  Clarke  : — Id  regard  to  that  I  can  hardly  say  ;  I  have  not 
experimented  far  enough.  Mr.  Marconi  claims  that  it  is  neces- 
sary not  only  to  use  two  balls  four  inches  in  diameter  in  the  tube, 
but  also  use  the  other  balls  of  the  same  size.  Xow  I  find  that 
over  the  short  distance  that  I  have  worked  the  apparatus,  it  is 
not  necessary  even  to  have  the  small  balls  at  all.  All  that  is 
necessary  is  to  connect  the  terminals  of  the  coil  to  the  large  balls, 
and  I  have  used  a  coil  of  only  one  inch  spark  capacity.  I  feel 
quite  positive  that  a  coil  of  that  size  is  all  that  is  necessary  for 
transmitting  this  distance. 

Mr.  Man  : — I  would  like  to  know  also  if  the  diameter  of  the 
large  ball  and  its  mass,  is  a  necessity  to  the  transmission  of  the 
waves,  or  the  production  of  the  waves.  Has  the  mass  of  the 
balls  anything  to  do  with  the  force  of  the  waves  ? 

Mr.  Clarkk  : — I  can  only  say  in  regard  to  that,  that  I  have 
followed  Mr.  Marconi's  experiments  very  closely.  I  have  only 
so  far  constnicted  a  transmitter  with  the  four  inch  solid  brass 
balls.  Marconi  claims  that  it  is  absolutely  necessary  to  have 
solid  balls  for  long  distance  transmission,  and  that  with  hollow 
balls,  the  distance  over  which  we  transmit  will  be  less  than  half. 
My  own  impression  is,  that  hollow  brass  spheres  filled  with  lead, 
or  other  inexpensive  metal,  would  be  just  as  good,  and  we  are 
going  to  experiment  with  that  shortly,  and  also  with  the  smaller 
spheres,  on  account  of  the  larger  spheres  being  very  expensive 
and  very  heavy. 

Mr.  Man  : — Hertz  found  his  electrical  waves  produced  as 
readily  from  small  balls,  or  even  any  kind  of  a  spark  as  from 
larger  masses.     It  was  for  that  reason  that  I  asked  the  question. 

Mr.  Clarke  : — Knowing  the  results  of  the  experiments  of 
Hertz,  I  am  of  the  opinion  myself  that  the  size  and  mass  of  the 
ball  does  not  make  the  difference  that  is  claimed  for  it,  and  for 
that  reason  we  are  going  to  experiment  in  order  to  determine 
that  accurately. 

Mr.  Hamblet — I  move  a  vote  of  thanks  to  Mr.  Clarke  for 
the  very  interesting  exhibition  that  he  has  given  us  this  evening. 

[The  motion  was  carried,  and  the  meeting  adjourned.] 


OBITUARY. 


Fbank  Hayes  Dorr,  (associate  member  May  15th,  1894)  was 
born  in  Somersworth,  N.  H.,  June  5tb,  1869.  The  record  of  big 
life,  tbougb  brief,  is  the  story  of  earnest  endeavor,  of  high  aspi- 
ration and  of  large  achievement. 

He  attended  the  pablic  schools,  and  was  graduated  from  the 
Somersworth  High  School  in  1887.  He  then  entered  the  Mass- 
achusetts Institute  of  Technology,  and  was  graduated  in  June, 
1891,  receiving  the  degree  of  Bachelor  of  Science  in  Electrical 
Engineering. 

The  next  month  he  entered  upon  the  expert  course  in  elec- 
trical engineering  in  the  Thomson-Houston  electrical  factories, 
in  Lynn,  Mass.,  remaining  in  the  employ  of  the  company  a  year. 
He  was  then  transferred  in  1892  to  the  Chicago  office  of  the 
General  Electric  Company  as  an  expert  engineer. 

During  the  World's  Fair  he  had  charge  of  the  construction 
and  operation  of  the  two  electric  fountains.  These  fountains 
were  the  largest  of  the  kind  ever  built,  and  in  their  construction 
were  involved  a  great  many  new  ideas  and  electrical  and  mechan- 
ical features,  calling  for  the  highest  kind  of  engineering  ability. 
There  was  perhaps  nothing  at  the  fair  which  excited  so  much 
interest  and  admiration  as  these  fountains,  and  the  result  was 
very  largely  due  to  Mr.  Dorr's  splendid  management  of  the 
intricate  apparatus.  He  afterwards  superintended  the  removal  of 
one  of  these  fountains  to  the  Midwinter  Exposition  in  California, 
and  put  it  in  position  and  operated  it  throughout  the  fair. 

After  this,  Mr.  Dorr  returned  to  Chicago,  and  was  continued 
with  the  General  Electric  Company  on  expert  work  in  connection 
with  multiphase  apparatus,  which  necessitated  frequent  trips  into 
many   parts  of  the  country,   building  and  equipping  electric 
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railroads  and  other  enterprises.  He  was  in  charge  of  the  instal- 
lation of  three-phase  machinery  at  Austin,  Texas,  in  connection 
with  the  water  power  plant  owned  by  the  city,  and  also  had  to 
do  with  various  other  important,  difficult  and  intricate  electrical 
installations. 

It  is  possible  that  the  sudden  change  of  climate  to  which  he 
was  subjected,  together  with  the  alternations  of  outdoor  and  in- 
door work,  prepared  the  way  for  the  disease,  consumption,  which 
resulted  in  his  death  at  Somersworth,  January  8th,  1897. 

Mr.  Dorr  was  an  electrical  engineer  of  very  high  class  and 
of  exceptional  ability,  and  had  his  life  been  spared,  his  name 
would  have  appeared  frequently  in  connection  with  the  advance 
in  electrical  development.  He  was  a  man  of  high  integrity  and 
unswerving  fidelity.  Possessing  a  sunny  and  genial  nature,  he 
had  won  the  friendship  of  a  large  circle  of  friends,  who  sincerely 
mourn  his  loss. 

S.  E.  W. 
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N.  Y. 
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Nam*. 

Arnold,  Bion  J. 


Aykr,  James  I. 


Ayres,  Brown 


Badt,  Lieut.  Francis  B. 


Addreis. 


Date  of  Membership. 


(Afanager.)   Consulting     Electrical  (  a   rj  |. 
Engineer.   1541  Marquette   Bidg.  \  ^  ij"*  *5 
and 4128 Prairie  AvQ., Chicago. HI.  (  ^  ^^^'  *5 

General  Manager  American  Electric  (  *    xf«y 
Heating   Corporation,    611   Sears  ■]  ^^  Ar^rli  »« 


Building,  Boston,  Mass. 
Professor 


M  April  19 


ofessor  of  Physics  and  Electrical  (  .    rv«     -5 
Engineering,  Tulane  University,  •<  w  %#_ 
New  Orieans,  La.  (  ^^  ^^^^'  '  ^ 


A  April  19 
M  Mar.  35 


Baillard,  E.  V. 
Baldwin,  Bert  L. 

Batchelor,  Chas. 
Bates.  J.  H. 


Electrical       Engineer,       Firm      of  '' 
Meysenburg    and      Badt,      1533 
Monadnock      Block     and      6506 
Lafayetle      Ave.,      (Englewood), 
Chicago,  111. 

Manufacturer  of    Electrical   Instru-  (  a   r) 
ments  and    Fine  Machinery,  106 -!  ,,  t  ^^'   .1 
Liberty  .St.,  New  York  City.  (  ^^  J*°*    '^ 

Mechanical  ami  Electrical  Engineer,  (a    *     m 
The  Cincinnati  Street  R'way  Co..  ■{{;  f.P"*  ^l 
72  Pcrin  Bidg.,  Cincinnati,  O.         ( **  ^^^*  ^° 

Electrical  Engineer,   33  West  35th  j  A  June    8 

(  M  July  13 

Draughts-  ( 
&  Co.,  136 J  A  Sept. 


6 
I 


Baylis,  Robert  Nelson 


Bedell,  Dr.  Frederick, 


Bell,  Prof  A  Graham 


Bell,  Dr.  Louis 


Benjamin,  Park 


Bernard,  Edgar  G. 


Berthold,  Victok  M 


St.,  New  York  City. 

Assistant   Engineer  and 
man,  with  C.  J.  Hates 
Liberty  St.,  New  York  City,  and  j  M  Oct. 
321  Hudson  St.,  Hoboken,  N.J.    [ 

The  Baylis  Co.,  99  Cedar  St.,  New  j  A  Oct.     i 
York  City.  {  M  May  17 

Assistant      Professor     in      Physics,  \  A  April  21 
Cornell  University,  Ithaca,  N.  Y.  ^M  May  19 

{^Past  President.)     1 331  Conn.  Ave.,  (   .    .      m,- 
\yashington,  D.  C,  and  Baddeck,  X  ^  Qc"  21 


N.  S. 


] 


Electrical  Engineer,  Boston,  Mass.  j  A  May  30 

( M  June  18 

Electrical  Expert  and  Engineer,  303  j  A  Dec.  16 
Broadway,  N.  Y.  City.  jM  Feb.  16 


Electrical 
G 
1 


Billberg,  C.  O.  C. 


BiNNEY,  Harold 


BiRiySALL,  ^.1.  Af.E. 


(18) 


metrical    Engineer,   President,   E.  (  .     t 

;.    Bernard   &    Co.,  43   4th    St..  ^  ^;  J^"'    5 

:roy,  N.  Y.  (  M  July  13 

Patent    Department,   American  Bell  f 

Telephone  Co.,  125  Milk  St.,  Bos- J  A  May  17 
ton;  residence,  16  Upton  .St.,  |M  May  21 
Cambridgeport,  Mass. 

Electrical     Engineer,^  3300 


St,.  Philadelphia.  Pa. 


Arch  j  A  Mar.  21 
\  M  Feb.  27 


Patent    Solicitor    and    Expert,    31  j  A  Sept.  16 
Nassau  St.,  New  York  City.  if  M  Dec.  16 

Consulting  Electrical  Engineer,  36  (  *    t  « 

Cortlandt      St.,      residence.      56-^wii         ! 
West  38th  St.,  New  York  City.      (  ^  ^^^'    ' 
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Name. 

Bishop,  James  Draper 


Blades,  Harry  H. 


Blake,  Francis 


Blodgett,  Geo.  W. 


Blood,  John  Balch 


BOILEAU,  VVlLLARD  E. 


Bosch,  Adam 


BOTTOMLEY,  HaRRY 


Bourne,  Frank 


Bowman,  Fred.  A. 


BoYER,  Elmer  E. 


Boynton,  Edward  C. 


Bradley,  Chas.  S. 


Brenner,  William  H. 


Addrett. 


Date  of  Membership. 


Mechanical  Engineer  of  the  Safety  (  *    -p.       ^      ^ 
Insulated  Wire  and  Cable  Co..  229  \  ^  tll^'  '^»  ]l^^ 


M  Oct.  25,  1893 


W.  28th  St.,  New  York  City.         ( 

\  M  May  21,  189$ 


Electrical  En(|[ineer,  419  Cass  Ave.,  j  A  April  19,  1892 
iJetroit,  Mich. 


Auburndale,  Mass. 


I 


A  Sept. 
M  Oct. 


3. 


1889 
1889 


Electrical  Engineer.  B.  &  A.  R.  R.  (  *  t„|„  .,  _«-_ 
and  Consulting  Electrician,  Bos--^?i  J"*^  "»  "JZ 
ton.  Mass.  (  ^  ^P^'   ^'  "^7 

Blood  and    Hale,  Consulting  Engin-  /at         .     -q 
Building,  Boston,  Mass.  '  *    ^'^ 


Superintendent      and      Electrician, 
Brush  Electric  Light  &  Power  Co 
Columbus,  Ga. 


•'J  M 


Sept.  19,  1894 
Mar.  25,  1896 


Sup't  Fire  Alarm  Telegraph,  New- j  A  April  15,  1884 
ark,  N.  J.  (M  Jan.     6,  1885 

Electrical  Engineer,  Supt.,  Marlboro  j  A  April    2,  1889 
Electric  Co.,  Marlboro,  Mass.         (  M  Jan.   22,  1896 

Electrical    Engineer,    26  Cortlandt  j  A  April  21,  1891 
St.,  New  York  City.  (  M  Nov.  15,   1892 


Supt.,  New  Glasgow  Electric   Co.,  i 
New  Glasgow,  Nova  Scotia.  ( 


A  May   19,  189X 
M  Nov.  21,  1894 


895 
896 


Foreman,      Testing      Department,  I  *   c*  t   « 

Lynn    Works.    General    Electric -^  w  ^^    !: 
/-       r  »/  J  M  Mar.  2St  i 

Co.,  Lynn,  Mass.  (  ^* 

Electrical  Dep't,  N.  Y.,  N.  H.  &  H.  (  A  Aug.    6,   1889 
R.  R..  New  Haven.  Ct.  j  M  Nov.  24.  1891 

(Vice President.)    Electrical  Engin-  (  .    .-  ^^ 

City''   ^'''''^  ^''''''  ""'"  '^""'^  j  ^^  ^*^     ^'  'S 

Constructing     Engineer,     Care    of  i  A  Sept   20,  1893 
Frazar  &  Co.,  Yokohama,  Japan.  '(  M  Mar.  21,  1894 


Brinckerhoff,  Henry  Morton   Electrical  E 


Broadnax.  Francis 


Brooks,  Morgan 


ngineer,  Metro-  (  *   q  «  ^ 

politan  West  Side  Elevated  R.  R.;^  {>  r?^     .1'    ^1 
258  Franklin  St.,  Chicago,  III.        \  ^^  ^*^-  '^'  '^^6 

Electrical      Engineer,     Blake    and  ( 
Williams,   362    West    Broadway,  I  A  Jan.    17.  1894 
New    York   City  ;    residence,    28  |  M  Jan.    16,  1895 
Walnut  St.,  Montclair,  N.  J.  [ 

President  and  Manager,  The   Elec-  f 
trical  Engineering  Co.,  249  Second  I  A  May  20.   1890 
Ave..  South;  residence.  2950  Park  1  M  June  17,  1890 
Ave.,  Mmncapolis,  Minn.  (^ 


Brown,  Alfrf.d  S. 


Brown,  Edward  D. 


rn  Union  J 
dway,  P.  \ 
:ity.  ( 


Electrical  Engineer,  Western  Union 
Telegraph  Co.,  195  Broadway, 
O.  Box  856,  New  York  City. 

General  Inspector,   American  Tele- 
phone and  Telegraph  Co.,  i8Cort 
landt   St.   New   York   City;resi-'j 
dence,75  HicksSt., Brooklyn, N.Y.  [^ 


A  Mar.  18,  1890 
M  Feb.  21,    1893 


t-J  A  Sept. 
i- 1  M  Nov. 


19,  1894 

20,  I895 


(iq) 
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MBMBBR8 


Name.  AddreM.  Date  of  Membenhip. 

Brown,  J.  Stanford,  E,E,,  Consulting  Electrical  Engineer;  ( 

[Life  Member.]  Carpenter  Steel  Co..  I  Broadway  I   .  <,  ^ 

and  ICO  Broadway,  New  York  City ;  -j  {>  ^^l'  ,  • 
residence,  Park  Hill,  Yonkers,  I  ^  ^^'^^  '' 
N.  Y.  [ 


Brush,  Chas.  F. 
Burleigh,  Chas.  B. 

Cahoon,  Jas.  B. 


Prof. 


Electrical      Engineer^      453      The  (A  April  15, 
Arcade,  Cleveland,  O.  /  M  Oct.    21 , 

Electrical  Engineer,  General  Elec-  (  *    Anrii  or 
trie  Co..  180  Summer  St.,    Bos- -^ f:  5:P"' " • 
ton.  Mass.  |MFeb.  16. 

Electrical  Engineer;  General  Man-  f 
ager,  The  Elmira  Municipal  Im- J  A  June  17, 
provement    Co.,     313    Columbia  }  M  May   19, 
St.,  Elmira,  N.  Y.  t 

Electrician,  Ryton-on-Tyne,  Eng.      j  A  Sept.  27, 

(M  May  21, 

of.  of  Physics,  University  of  j  A  Sept.  25, 
Michigan,  Ann  Arbor,  Mich.  /  M  April  22. 

Algiers    Waterworks   and    Electric  (  *   q  . 
Co.,  Bank  of  Commerce  Bldg.  New  \  w  -jj   *        ' 
Orieans,  La.  (  ^  ^°^-  "• 

son,  Charles  A.    Professor  of  F^lectrical  Engineer-  (  .    Krx*\\  ta 

ing.  McGill  University,  Montreal,  \  ^.  ^^ij  "' 
P.  Q.  jMApnii,, 

Electrical  Eng^ineer,  Morris  Heights;  (  .    -p.         ^ 
residence,   i  West  8ist  St.,   New-^  ^  ^  „       ^' 
York  City.  ]  M  Jan.      3. 

Chandler,  Professor  Charles  F.   Columbia  University  41  j  A  Jan.    20, 

East  49th  St.,  New  York  City.       \  M  June    7, 

Chase,  Harvey  Stuart   Mechanical  and  Electrical  Engineer,  j  A  Sept.  19, 

8  Congress  St.,  Boston,  Mass.        \  M  Jan.    22, 

Cheney,  W.  C.  Electrical    Engineer,    Portland  Or-  i  .   q^ 

egon  ;    Residence,   Oregon   Cily,  -j  ^  '^^^   ^^'^ 

Childs,  Arthur  Edwards,  B.  Sc.  A/.E.E.E.     Manager  New  f 

England  Office,  The  Electric  Stor- j  A  June  20, 
age  Battery  Co.,  89  State  Street,  1  M  April  17, 
Boston,  Mass.  [ 


Callender,  Romaine 

Carhart,  Henry  S. 
Carroll,  Leigh 

Carus-Wii. 
Chamberlain.  J.  C. 


Churchill,  Arthur 
Clark,  Ernest  P. 

Clarke,  Chas.  L. 

Colby,  Edward  A. 
CoLViN,  Frank  R. 
CoMSTOCK,  Louis  K. 

(19) 


British  Thomson-Houston   Co.,    83  j  A  April  15, 
Cannon  Street,   London,  Eng.         (  M  Jan.    17, 

Electrical  Engineer,   B.    Altman  &  (  *    t  a 

Co.,  19th  St.,  and  6th  Ave,  New-  ?,  J^^'      ;• 
York   City.  (  ^  ^°^*     '• 

Electrical  Engineer  and  F^atent  Ex-  (  a    a      m 
pert,  31    Nassau   St..  New   York -^  ^,  ^P"*  *|' 
City.  ]  ^^  J^-     ^' 

Consulting  Engineer.  j  A  April    2, 

Lock  Box  113,  Newark,  N.  J.  |  M  May     7, 

Western  Electric  Co.,    57    Bethune  j  A  April  18, 
St.,   New  York  City.  (  M  May  21, 

Electrical  Engineer,  Western  Elec- j  A  Dec.  20, 
trie  Co.,  Chicago,  111.  (M  Nov.  20, 
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Name. 

CoNDiCT,  G.  Herbert 
Coster,  Maurice 


Addreu. 


Date  of  Membenh 


Electrical    Engineer,    5328    Green  j  A  July    12. 


CoRNKLi.,  Charles  L. 
Cowles,  Alfred  H. 

Craig,  J.  Hally 


St.,  Germantown,  Pa. 

Engineer,   Westinghouse  Elec 
Mfg.  Co.,  N.  Y.  LifeBldg 
cago.  111. 

Electrical  Engineer,  Hamilton,  O. 


1 

c.  and  ( 
M  Chi-j 


M  Sept.    6, 

A  Sept.  25. 
M  Mar.  2$, 


jA    Feb.  7, 
}  M  June  27, 

Technical   Adviser  to  the    Cowles  ij.    w 
Smelting  and  Aluminum  Co.,  656  \  ^  w    *    J' 
Prospect  St.,  Cleveland,  O.  ( ^  ^^^     '* 

New  England  Electrical  Supply  Co.,  (A  May  16, 
49  Federal  St.,  Boston,  Mass.         ^M  Feb.  27, 

Crandall,  Joseph  Edwin  Electrician,  C.  &  P.  Telephone  Co.,  (  *    .     .,    *» 

619  Fourteenth  St..  N.  W.  Wash-    ^  Apn     8 
mgton,  D.  C.  ( 


Crocker,  Francis  Bacon   {President)  Professor  of  Electrical  (*   w^^   _. 
[Life  Member.!  Engineering.    Columbia  Universe  \  ^  ^"^  ' J» 

ity.    New  York.  /  ^  ^P"*    *• 

Crosby,  James  Wellington    Electrical  Engineer,  Room  102,  f  .   p  . 

15  Federal  St..  Boston;  residence,  \  w  ^  . '  ' 
Wellington,  Mass.  ^  xvi  reo.  27, 

Cross,  Charles  R.  Thayer  Professor  of   Physics,  and  f 

Director  of  the  Rogers  Labora- I  A  April  15, 
tory,  Mass.  Institute  of  Technol- 1  M  Oct.  21, 
ogy,  Boston,  Mass.  (^ 

Gushing,  Harry  Cooke,  Jr.  Electrical  Consulting  and  Con-  (  .  « 

structing  Engineer,  39  Cortlandt  \  %^  ^^;  Jg* 
St.,  New  York  City.  |  m  xnov.  i». 


Cutter,  George 
CuTTRiss,  Chas. 
Daft,  Leo 
Danieil,  Francis  G. 

Darlington,  Frederic 
Davidson,  A. 


Dealer  in  Electrical  Supplies,  851  j  A  June  17, 
The  Rookery,  Chicago,  Ills.  \  M  May  19. 

Electrician,  The  Commercial  Cable  (  A  Nov.    i. 
Co..  20  Broad  St.,  New  York.        \  M  Dec.     6, 

Consulting  Electrical  Engineer  and  j  A  Dec.     9, 
Contractor,  Sydney,  N.  S.  W.       (  M  Jan.     6, 

Electrical  Engineer,  Fairhaven  and  (  .    isj^ 
Westville   R.  R.  Co..  P.  O.  Box-^  f:  j^l'  "' 
394.  New  Haven.  Conn.  J  m  june  20, 

W.     Consulting    Electrical    and   Me-  (  *   q     . 
chanical     Engineer,    907    Drexel  ■{  f:  rf PJ*  ;9» 


Building,  Philadelphia.  Pa. 

Cable    Eng 
Centra]  and 
graph  Co 


M  Nov.  25, 


Davies,  John  E. 


ineer    and    Electrician,  (  a   vr        «& 
id  South  American  Tele-  \  f:  ^^^   "» 
I,  Lima,  Peru.  \^OiX,    27, 

Professor  of  Physics,  University  of  (  .    j 
Wisconsin.  523  North  CarroU  St.,  \  ^  ^St'    J' 
Madison,  Wis.  |  ^  '^*'-  '®' 

Davis,  Charles  H.,  C,  E.,  Consulting  and  Constructing  En-  f 

gineer,  99  Cedar  St.,  576  Lex- J  A  Mar.  18, 
ington  Ave..  New  York  City,  and  1  M  June  17, 
308  Walnut  St.,  Philadelphia,  Pa.  L 
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Name. 

Davis,  Minor  M. 


Address. 


Date  of  Membership. 


Dawson,  Philip 


Decker,  Edward  P. 


Ass't  Electrician.  Postal  Telegraph-  (  .    A„_ii    f. 
Cable  Co..  253   Broadway,  New^^l^P"*    ^» 
York  City.  (  ^  ^^^  '°» 

Associate  and  Chief  Engineer  with  (  .   q 

R.  W.  Blackwell.  39  Victoria  St.,  •}  f^  £X'  JV 
Westminster,  London,  Eng.  /  weo.   17, 

Assistant  Chief  Engineer,  Sprague  ( 
Electric  Co..    20  Broad  St.,  New  f  A   Feb.  26, 
York  City;  residence,    Van   Pelt]  M  Oct.  27, 
Manor,  N.  Y.  I 

Dklafield,  a.  Floyd,  Fh.  D.  Electrical  Engineer,    Noroton,  \  A  May     7, 

Conn.  I  M  Oct.      I, 

Delany,  Patrick  Bernard     Inventor,  South  Orange  N.  J.     J  A  April  19. 

\  M  Nov.  24. 

Sup't,  Commercial  Cable  Co.,  Ha- <  A  Mar.     6, 
zel-Hill,  Guysborough  Co.,  N.  S.  "i  M  Oct.      i. 

Inventor,    Singer  Sewing  Machine  (  a    A«rii  re 
Co.,  508  Morris  Ave.,  Elizabeth,  \  f>  V^P™  '5. 
N.  J.  (^  ^^^'    ^* 

Electrical  Engineer  and  Expert,  10  j  A  Nov.    I, 
Desbrosses  St.,  New  York  City.      (  M  Dec.     6, 


Dickenson,  Samuel  S. 
DiEHL,  Philip 

d'Infreville,  Georges 
Dion,  Alfred  A. 


General   Supt. ,  The  Ottawa   Elec-  (  .    » 
trie  Co.,  72   Sparks   St..  Ottawa,  j  ^  JJ°;   ^ 7. 

DoANE.  Samuel  Everett    Sup't.   Marlborough  Electric   Ma-  (  *    .  , 

chine    and     Lamp     Co.,     Marl- < **      ' 


borough,  Mass. 


M  June  27, 


Dodge,  Prof.  Omenzo  G.,  U.  S.  Navy,   Navy   Dep't,  Wash-j  A  Sept.  20, 

(M  April  17, 


ington,  D.  C. 


DoijER,  H. 

Dommerque,  Franz  J.      Chief 


Consulting     Electrical      Engineer,  j  A  Jan. 
8  Choorstraat,  Delft,  Holland.        j  M 


7» 
Mar.  18, 


^hief  Draughtsman,  Chicago  Tele-  f  *    q  . 
phone    Co. ;     residence,   496    N.  •{  ^  ^   '     J* 
Kobey  St.,  Chicago.  111.  (  ^  war.  35, 


Donner,  William  H. 

Dow,  Alex 
Dudley,  Charles  B. 

Dunbar,  F.  W. 
Duncan,  Dr.  Louis 

Dunn,  Gang  Sillick 


Electrical  Eng'g  Dept.  International  C^  j^         « 
Correspondence  School,  Scranton,  <-^  Dec    16* 

Manager,  Edison  Illuminating  Co.,  j  A  Sept.  i20, 
Detroit,  Mich.  "(MDec.   18, 

Chemist     and     Scientific     Expert,  (  *   ^rt 
Penn.  R.   R.  Co..  1219   Twelfth  ^  ^j  ^^^;   ^\ 
Ave.,  Altoona,  Pa.  (  *       ' 

417  West  23d  St.,  New  York  City,   j  A  Dec.  21, 


M  May  16, 


( Past-Presiden  / )  J  oh  n  s 
University,  residence 
North  Ave.,  Baltimore 

{Matia^i^er.)  Chief  Engineer, Crocker 
Wheeler  Electric  Co.,  Ampere,  E.  ^ 
Orange,  N.J. ;  residence.  223  Cen- 
tral Park,  West,  New  York  City. 


sIFImSU-I: 


A  April  21, 
M  June  20, 


DuNsroN,  RoBT.  Edward     General  Manager,  .Saratoga  Trac-  ^  .  q 

lion  Company,  Saratoga  Springs,  -j  ^  p^^^    ^^ 
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Name. 

Dyer,  R.  N. 
Edison,  Thomas  A. 

Edgar,  C.  L. 
Egger,  Ernst 


Address. 


Date  of  Membenhlp. 


Patent   Attorney,    31    Nassau   St.,  (A  July   12,1887 

^  M  Sept.    6,  1887 


New  York  City. 


Mechanician  and  Inventor,  Orange,  j  A  April  15,  1884 

^  M  Oct   ai,  1884 


N.J. 

General    Manager  and 
gineer,  Edison  Elec 
Head  Place,  Boston 


id    Chief    En-  (  .    •  „    ,,   , 


896 
896 


Electrical  Engineer  care  of  B.  Egger  (  A   r-.u    „.    ,o^« 
&    Co .  X     Simmeringstr.    ,87,    ^  Feb    2       89S 

Vienna,  Austria.  (  *      ^^ 

Emery,  Charles  Edward  Consulting  Engineer,  915  Bennett  (  *    ,  ,     - 

ISw  Vo^S  ""'^  ^"^"  1 M  ft.  %  X 

Emmet,  W.  L,  R.  Electrical  Engineer,  Gen«»ral  Electric  \  A  June    6,  1893 

Co.,  Schenectady.  N.  Y.  ]MJan.    17,1894 

Everest,  Augustine  R.   Electrical    Engineer.  General  Elec- j  A  May   19,1891 

trie  Co..  Lynn,  Mass.  /  M  Dec.  30,  1893 

Farnham,  Isaiah  H.  Electrical  Engineer,  N.  E.   Tele-  (  *    j„^^    «   _«-_ 

Fessenden,  Reginald  A.  Professor  of  Electrical  Engineering,  (.   r\^    «-    ,0,^ 

Western    University   of    Pennsyl-    ^  0«     a.    .8^ 

vania,  Allegheny,  Pa.  (  '      ^^ 


Field,  C.  J..  /)/.  E, 
Field,  Henry  George 

Field,  Stephen  D. 
Fish,  Walter  Clark 
FiTZMAURiCE,  James  S. 

Flack,  J.  Day 


Consulting   and   Constructing 
gineer.     30  Broad    Street 
York  City. 

Consulting      Electrical 
Field  &  Hinchman 
Building,  Detroit 


ing  En-  ( 
t.     New  s 


A  June    8,  1887 
M  Nov.    I,  1887 


trical      Engineer,  (  .    ... 
lan,  1203  Majestic]  ^^P^^5«' 
it.  Mich.  (  ^  ^*^-  ^°'  ' 


896 
896 


Electrical    Engineer,    Stockbridge,  j  A  April  15,  1884 
Mass.  (  M  Oct.  21,  1884 

Manager  Lynn  Works.  General  Elec- j  A  June  26,  1891 
trie  Co.,  Lynn,  Mass.  (  M  Feb.   26,  1896 

Chief  Engineer,  The  Electric  Light  (  .    ^  g 

Branch^.io  George  St  .  Sydney.  |  ^  Sept.  ,o,  l8^ 

Supt.    Home  Ice  Machine  Co..  56  ( 

Pine  St.,  New  York  City;  I  A  Dec.  6,1887 
residence,  80  Carlton  St.  East  {  M  May  21,  189s 
Orange,  N.  J.  (^ 


89s 

896 


Prbema 


(19) 


Asst.  Prof,  of  Electrical  Engineering,  I  a    a    _ii  .-   . 
University  of  Wisconsin,    Madi- j  ^  Ap^l  J7.  i 

son,   \v  IS.  ( 

Electrical     Engineer,     Room    682,  j  A  June     8,  1887 
Ellicott  Square,  Buffalo.  {  M  Sept.   6,  1887 

Electrical    Engineer,   Market  Street  f 

Railway  Co.  19  Ilobart  Bldg.;(AFeb.  26,1896 
residence,  3687  24lh  St.,  Sanj  M  Nov.  18,  1896 
Francisco,  Cal.  (^ 

N,  Dr.  Frank  L.  Attorncy-at-I-aw,   Solicitor  of   Pat-  (  *    w  ^-^ 

ents.  Electrical  Expert.  931  F  St. ,  ^  ^.  ^y  J.  889 
Washington,  1).  C.  (  ^^  ^P**    3.  i"^ 


Fortbnbaugh,  S.  B. 

Foster,  Horatio  A. 
FosrKR,  Samuel  L. 
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MEMBERS 


Name.  Address.  Date  of  Membership 

Frsbdman,  William  H.    Tutor    in    Electrical    Engineering,  f 

School  of  Mines,Columbia  Univer- I  A  Mar.  i8 
sity;  residence,  157  W.  iigth  St.,  |  M  Dec.  18 
New  York  City.  L 

Gals,  Horace  B.  Consulting  and  Contracting  Electri- 

cal   and     Mechanical     Engineer, 
Natick  Mass. 


A  Nov.  15 
M  May  16 


Gardanibr,  George  W.     Assis't  Electrical  Engineer,  Western 

Union  Telegraph  Co.,  195  Broad- 
way, New  York  City. 

Garratt,  Allan  V.  Chief   Engineer,    Lombard  Water- 

wheel   Governor   Co.,  6r  Hamp- 
shire St.,  Boston,  Mass. 


Gerry,  M.  H.,  Jr. 


Supt.  of  Motive  Power,  The  Metro- 
p()litan  West  Side  Elevated  Rail- 
road Co.,   146  Throop  St.,  Chi-- 
cago,     111..      3333     Cedar   Ave., 
Minneapolis  Minn. 


A  April  18 
M  Jan.   22 

A  April    2 
M  May     7 


A  April  18 
M  Oct.   21 


Gbyer,  Dr.  Wm.  E. 


Stevens   Institute  of    Technology, 
Hoboken,  N.  J. 


JA  J. 
\  M  S< 


lune     5 
Sept.    7 

Gharky,  William  David    Electrician,   Standard  Telephone  ( 

Co.,  401  South  Juniper  St.,  resi-J  A  May  21 
dence.  Hotel  I^rraine,  Phila-I  M  Feb.  26, 
delphia,  I 'a.  (^ 

Manager  and  Chief  Engineer,  Gibbs 
Electric  Co.,  Holworthy   Chamb-^ 
ers,  152  Madison  Ave  ,  New  York 
City. 

Electrical    Engineer,    Box,  292,  Oil  j  A  May    16 
City,  Pa.  {  M  Feb.  21 


Gibbs,  Lucius  T. 


A  Mar.  25 
M  Feb.  17 


G1PPORD,  Clarence  E. 
GoLTz.  William 
Gray,  Dr.  Elisha 
Greene,  S.  Dana 
gutmann,  ludvvig 
Hadaway,  W.  S.,  Jr. 
Hall,  Clayton  C. 
Hall,  John  L. 


Hamblet,  James 


Hathaway      Building,     Milwaukee,  S  A  Oct.    27 
Wis.  \  M  Feb.  23 

Electrician  and  Inventor,  Highland  j  A  Feb.    16 
Park,  111.  I  M  May   17 

Assistant  General  Manager,  General  j  A  Sept.  20 
Electric  Co.,  Schenectady,  N.  Y.  "(  M  April  18 

Electrical  Engineer,  815  North  Jef- (  A  Sept.  14 
ferson  Ave.,  Peoria,  111.  /  M  Mar.  21 

Electric     Heating     Engineer,     107  (A  Nov.  21 
Liberty  St.,  New  York  City.  /  M  Oct.  21 

Civil    Engineer,    810    Park    Ave.,  jA  April  15 
Baltimore,  Md.  (  M  Oct.    21 

Crocker    &    Wheeler    Electric    14  f 

South  Broad  Si.,  Philadelphia,  Pa.  j  A  Sept.  32 
residence.  715  West  loth  St.,'lMDec.  20 
Wilmington,  Del.  (^ 

Manager    Time    Service,     W.    U.  /* 
Tel.    Co.,    195  Broadway,   P.  O. 
Box  856,    New  York  City;     resi-^ 
dence,  20  Sidney  Place,  Brooklyn, 
N.  Y. 


1893 
1896 

1889 
1889 


1893 
1896 


1888 
1888 

1895 
1896 


1896 
1897 

1893 
1894 

1897 

1898 

1892 
1892 

1893 
1894 

1888 
1893 

1894 
1896 

1884 

1884 

1891 
1893 


A  Nov.     I,  1887 
M  Dec      6.  1887 


1890 
1895 


1893 

1893 


Hamilton,  Geo.  A. 


(iB) 


I 

{Treasurer,)    Electrician,    Western  f 
Electric    Co.,    57     Bethune    St.,  I  A  April  15,  1884 
New  York  ;  residence,  532  Morris  |  M  Oct.    21,  1884 
Ave.,  Elizabeth,  N.J.  |^ 


MBMBBR8 
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Name.  Addreu.  Date  of  Membenhip. 

Hammer,  Edwin  W.         Electrical  Engineer,  46  Second  Ave.,  j  A  Nov.  18,  1896 

Newark.  N.  J.  (  M  June  23 

Hammsr,  William  J.         Consulting  and  Supervising  Elec- 
trical Engineer.  1305  Havemeyer 
Bldg,  36CortlaDdtSt.,New  York' 
City.  I 


A  June    8 
M  July   12 


Harrington,  Walter  E.    Electric    Railway  Engineer,    307  j  A  Mar.  17 

Market  St.,  Camden,  N.  J.  (  M  May  19 


Harrison,  Russell  6.      Pres 


es.  and  Electrical  Engnieer,  Terre  (  *   «     . 
Haute     Electric     Railway     Co., -^  ^  aJP^'i  •; 
Terre  Haute,  Ind.  (  ^  ^P"'  " 


Hartwell,  Arthur 


8 
20 


Manager  Pittsburg    Agency,  West- 

inghouse  Electric  and  Mfg.  Co.;  I  A  May  15 
residence.  6804  McPherson  St.,  j  M  Nov.  20, 
Pittsburg,  Pa. 

Electrical  Engineer,  General  Electric 
Co.,    180    Summer  St.,    Boston 
Mass 

Electrician,    70   Linwood   Avenue,  j  A  April  15 
Buffalo,  N.  V.  \  M  Oct.    21 

Haskins,  Clark  Caryl    Electrical     Engineer,     682a    West  j  A  Sept.  20 

Adams  St.,  Chicago,  III.  {  M  Mar.  21 

Hasson,  W.  F.  C.  (^Manager.)       Firm    of    Hasson    &  f 


Haskins,  Caryl  D. 


IIaskins,  Charles  H. 


[!^  j  A  Mar,  i 
°'  J  M  June  2 


Hayes,  Hammond  V. 


Hayes,  Harry  E. 


Haynes.  F.  T.  j. 


San  Francisco,  Cal. 


Electrician,    American    Bell    Tele 
phone   Co.,    42    Farnsworth 
So.  Boston   Mass. 


I 


ele-  ( 
St.,j 


A  Nov.  12 
M  Mar.  18 


H«ath,  Harry  E. 
Hbinrich,  Richard  O. 


Asst.    Electrician.    American    Tele-  i  *    Anril  18 

graph   and    Telephone    Co.,    153-!  w  r\^    «^ 
fv    Y    e.     X'       \>    1  i--*  •'•^  j  M  Dec.  20 

Cedar  St.,  New  \ork  City.  ( 

Divisional      Telegraph      Engineer,  ( 
Great    Western     Railway ;    resi-  J  A  Dec.     6 
dence,    Belmont    Villa,   Cheddoni  M  Jan.     3 
Road,  Taunton,  Eng.  ^ 

Electrical        Engineer,       Windsor,  j  A  Mar.  21 
Conn.  \  M  Mar.  25 

Electrical  Engineer.The    European  (  »   ^-. 
Weston  Electrical  Instrument  Co.,  ■{  »#  o  » 
SB  Ritterstrasse.  Beriin,  Germany.   (  ^  ^^^'    ^^ 


Hbnshaw,  Frederick  V.   79  State  St.,' Brooklyn,  N  Y. 


Hrrdman,  Frank  E. 
Hering,   Carl 

[Ufe  Member] 


Mechanical  and  Electrical 
Crane  Fl levator 


I 

^Jectrical  Engineer,  j 
Co.,Winnetka,  111.  "J 


A  Feb.     5 
M  Nov.  20 

A  Dec.  18 
M  Oct.   21 


{ManafTfr )    Consulting     Electrical  f 
Engineer,  929  Chestnut  St.;  resi- J  A  Jan.      3 
dence  124  E.  Mt.   Pleasant  Ave.,  |  M  June    5 
Philadelphia,  Pa.  [ 


Hering,  Hermann  S.        Associate  in    Electrical    Engineer-  f 


(18) 


ing,  Johns  Hopkins  University,  j  A  April  21 
residence,  1809  ^^^^^  Ave.,  Balti- )  M  April  18 
more.  Md  |^ 


1897 

1887 
1887 


1 891 
1896 

1895 
1896 


1894 
1895 


1890 
1894 

1884 
1884 

1893 
1894 


1890 
1894 


1889 
1890 

1893 
1893 


1886 
1887 

1893 
1896 

1889 
1892 

1889 
1895 

1895 
1896 

1888 
1888 


1 891 
1893 


626 


MEMBERS 


Name. 


Address. 


Herrick,  Charles  H.       Superintendent   Isolated,   Lighting 

and  Power  I)ep't.»  Edison  Electric 


Date  of  MemlMrthip, 

f 


Illuminating  Co.,  3  Head  Place, -{  w   J^  * 

Boston;  residence.  22  Herrick  St.,          ^     '  '* 
Winchester,  Mass.                            (. 

Hbrzog,  F.  Benedict,    Ph,  D.    President,  Herzog  Teleseme  (  *   w 

Co.,  Townsend  Building.  Broad-X  w  Tn?«  .t' 

way  and  25th  St.,  New  YorkCity.  (  ^  J"'^  "' 


Electrical  Engineer,  Union  Traction  (  *  q^^  * 
Co.,  Sao  Dauphin  Street,  Phila--^  w  m;«  », 
delphia.  Pa.  (  ^  ^^^  *'» 

General    Manager.    Chicago    Tele-  (^  ^^^ 
phone      Co.,     203     Washington  ■{  w  p.  *    7' 
St.,  Chicago,  111.  JM  reo.  10, 

Editor,  Street  Railway  Journal ^  26  j  A  June     8, 
Cortlandt  St.,  New  York  City.       (  M  July    12, 

Hix,    Hamilton    &    Co.,    Electrical  (  .    p  . 
Engineers    and    Contractors,    41  •{  %#  p-.w'  o-t* 
Wall  St.,  New  York  City.  (  m  reo.  27, 

Electrical  Engineer,  108  Eulton  St.,  (  *    *     .• 
New  York  City;   residence    445a -^  w  f  P"*  "' 
Macon  St.,  Brooklyn,  N.  Y.  (  ^  J"°*  ^^* 

Houston,  Edwin  J.,  Fh.D,  {Past  President,)  Vxoioi  Physics,  f 

[Life  Member.]  Franklin  Inst.,  Firm  of  Houston  I  .    a,^,.:i  .. 

&  Kennelly,  Crozer  Bidg..  i42o{  ^  ^P"'  'j. 
Chestnut  St.  ;  residence,  1809  I  ^  ^^^'  ''' 
Spring  Garden  St.,  Phila.,  Pa,        |^ 


Hewitt,  Charles 

HiBBARD,  Angus  S. 

HiGGiNS,  Edward  E. 
Hix,  E.  Randolph 

Holmes,  Franklin  S. 


Howell,  John  W. 
Howell,  Wilson  S. 


Electrician,  20  Chestnut  St.,  New- j  A  July    12, 
ark,  N.  J.  "(  M  June     5, 


Lamp    Testing   Bureau.    Box,  114,  I  ^  g 
Newark,     N.  J.;    residence,    152  ■{  w  vfa-*  tft 
Prospect  St.,  East  Orange,  N.  J.   (  ^  ^^^'  "' 

Humphrey,  Henry  H.     Consulting      Electrical      Engineer,  ( ^  j^       ^ 

Bryan  &  Humphrey,  Turner  Bldg.  <  ^  ^     Ij  ^^' 
St.  Louis,  Mo.  (  *  * 


HbNTER,  Rudolph  M. 


and    Counsellor   in   Patent  (  .    »  , 
es,  926   Walnut   St.,    Phila- ^^{J^y   \\ 
lia,  Pa.  (  ^  ^*y  '"• 


Hunting,  Fred  S. 


Ass 


Expert 
Causes, 
delphi 

Chief    Engineer,  Engineering  De-  ( 
partment.   Fort    Wayne    Electric  J  A  Nov.  15, 
Co.,  8  Rockhill  St.,  Fort  Wayne,  1  M  May  16. 
Ind.  t 

HuTCHi.vsON,  Dr.  Carv  T.     (Afana^er.)  Electrical  Engineer,  j  A  Feb.     7, 

253   Broadway,  New  York  City.     \  M  Dec.  16, 

HvDE,  Jkrome  \V. 

Inrig,  Alec  Gavan 
Ives,  Edward  B. 

Jackson.  Dugald  C. 
(iS) 


ss't    Treasurer,    The    Springfield  (  »    Tune     8 

Steam    I'ower  Co.,   Wason   BIdir.  a  »*  v  .' 

ecu**  ^    i  M  Nov.     I, 

Springfield,  Mass.  (  * 

Globe  Electrical  Co.,  44  White  Post  j  A  Jan.    19, 
Lane,  Victoria  Park,  London,  Eng.  {  M  May  17, 


Chief   Engineer,    Karitan  Construc- 


)nstruc-  ( 
,  Phila-  -j 


A  April    2, 


M  May   15, 


tion  Co.,  153  Bullitt  Bldg. 
delphia,  Pa. 

(Vice  Presiiifnt.)   Professor  of  Elec- (   .    *» 
trical  Engineering,   University  of  ]  j^  jJJJ^  ^' 
Wisconsin,    Madison,  Wis.  ( 


891 
893 


88f 
887 

8qo 
898 

891 
89ft 

887 
887 

894 
895 

891 
894 


884 
884 


887 
88» 

889. 
890 

896 
897 

886 
887 


890^ 
893 

890 
89a 

887 
887 

892 
89a 

889. 
894 

887 
890. 
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Name. 

Jackson,  Francis  E. 


Jackson,  Henry 


Jackson,  John  Price 

Jannus,  Frankland 

Jehl,  Francis 
Jenks,  W.  J. 


AddreM.  Date  of  Membenhip. 

Aylsworth  &  Jackson,  Incandescent  f 
Filament     Manufacturers.       i28jAJan.      3,188$ 
Essex  Ave.,  Orange;  residence,  61  )  M  June  17,  1890 
South  Grove  St. ,  East  Orange,  N.J.I. 

Telegraph  Supt.  and  Engineer,  The  f 

Lancashire  &  Yorkshire  Railway  I  A  Mar.  21 
Co.,  Horwich,  Bolton-le  Moors,  1  M  Dec.  19 
I^ancashire,  England.  |. 

Professor  of  Electrical  Engineering,  (  .   o     . 
Penn.  State  College.  State   Col- j  ^^  j^J^  J  J 
lege.  Pa.  (      ''     * 

Attorney-at-Law,  Solicitor  of  Pa- 
tents, 1022  Havemeyer  Building, 
New  York  City. 

LichtenauergasseS,  BrUnn,  Moravia,  j  A  June  27, 

(  M  Jan.    22 

Secretary,  Board  of  Patent  Control,  j  A  June    8 


A  Nov.  12 
M  Mar.  18 


Austria.  (  M  Ian.    22 

tcretary,  Board  of  Patent  Control,  j 

120  Broadway,  New  York  City.      (  M  Nov.    i 

Johnston,  A.  Langstaff  Chief  Engineer,  Richmond  Traction  (  .    ... 

Co..  1112  E.  Main  St.,  Richmond,  j  J^^^ril  18 

Jones,  Francis  Wiley       Assistant  Gcn'l-Manager  and  Elec-  f 

[Life  Member.!  trician,    Postal    Telegraph-Cable  (  A  April  1 5 

Co.,    253   Broadway,   New  York"!  M  Oct..  21 
City.  I 

Keith,  Dr.  Nathaniel  S.    Care   R.    W.    Pope,  Scc'y-    26  \  A  April  15 

Cortlandt  St.,  New  York,  N.  Y.   ]  M  Jan.    17 


Kinsman,  Frank  E. 


iginecr,  66  Broadway.  (  ^  g^  ^ 
City  ;    residence,  836  <  w  wj'      i 
kre.,  Plainfield,  N.J.      (^  ^^^  " 


Electrical  Engineer,  66  Broadway. 
New  York 
Sherman  Ave. 


Knowles.  Edward  R.  £.  £.,  C.  £.    150  Nassau  Street,  New 


Knudson,  a.  a. 


Lange,  Philip  A. 


Langton.  John 


La  Roche,  Fred.  A. 


s.,  C.  £.    150  Nassau  Street,  New  (  .    j  g 
York  City :    residence,   8a  Cam- ■!  m,  {  , 

bridge  Place,  Brooklyn.  N.  Y.        r^  J"'^  " 

Electrical   Engineer,  f)6  Broadway,  (  *   j^  ^ 
New   York  City;  residence,    127-}  «,  »      ' 

Prospect  Place,  Rutherford,  N.  J.  (  ^  J*°'  ^ 

Superintendent  Westinghouse  EIcc-  (  *    w  ^ 

trie  and  Manufacturing  Co.,  East-!  w  t.,-.J  . 

Pittsburg.  Pa.                                 ]MJune  5 

trical    Engineer,   Canada    Life  (  .    w  ^ 
ilding,    Toronto,  Ont.,  and  72]  „  j      ' 

inity  Place.  New  York,  N.  Y.    (  '^*  J^^^  5 


Electrical 
Building 
Tri 


President    and     General    Manager, 

Ideal  Electric  Corporation,  652-  I  A  Sept.  19 
660  Hudson  Street;  residence,  28  )  M  Nov.  20 
W.  25»h  St.,  New  York. 


1894 
1894 


1892 
1894 


1889 
1890 

1895 
1896 

1887 
1887 

1891 
1894 


1884 
1884 


1884 
1894 

1892 
1893 


1887 
1887 


1887 
x888 


1 888 
1888 


1888 
1888 


1894 
1895 


Lattig,  j.  W. 


Electrical  Engineer,  Supt.  of  Tele-  f 
graph  and    Electrical  Apparatus,  I   .    ,  j.      -« 

Lehigh  Valley  R.  R.  Co..  So. ,' ^,  {^f^  ^'  ||7 
Bethlehem,  Pa.;  residence,  335  I  ^  ^"^  12,1057 
Broad  St.,  West  Bethlehem,  Pa.     I 


(16) 


«B8 


MBMBBBS 


Name. 

Lawson,  a.  J. 


Address.  Date  of  Membership. 

Electrical    Engineer,    The    County  f 


of  London  and  Brush  Provincial  f  A  Mar.  i8 
Electric  Lighting  Co.,  Ltd.,  49 1  M  June  17 
Queen  Victoria  St.,  London,  Eng.  [ 


Lemp,  Hermann,  Jr. 
Leonard,  H.  Ward 


Electrician,     186    Allen     Avenue 
Ljmn,  Mass. 


1m 


April    2 
Feb.  21 


Electrical  Engineer,    Pres't.  Ward  f 
Leonard  Electric  Co  ,  Bronxville,  I  A  July    12 
N  Y. :  residence,  606  W.  1 14th  St.,  I  M  Sept.    6 
New  York  City.  (^ 

Leslie,  Edward  Andrew   Vice-President  and  Manager,  Man-  f 

hattan  Electric  Light  Co.,  Ltd.,  f  A  Jan.  16 
New  York  City;  residence,  343 1  M  Feb.  17 
Hancock  St.,  Brooklyn,  N.  Y.        1^ 


Levis,  Minford 


LiEB,  John  W.,  Jr. 


Lighthipe,  James  A. 


Lloyd,  Herbert 


Superintendent  and  Electrical  Engin- I  .    p.     _ 
eer.     Novelty   Electric    Co.,    54 ^m  Tune  2 J 
North  4th  St.,    Philadelphia,  Pa.  (  ^  J""«  23 

{Manager.)  General  Mg^.,  Edison  (*<;*»♦  a 
Electric  111.  Co. ;  Residence,  166  \  \^  ?f  P^*  ^ 
West  97th  St.,  New  York  City.       (  ^  ^°^-    ^ 

District  Engineer,  General  Electric  (  .    p  . 
Co.,  15  First  St.,  San  Francisco,  ■<  *,  AorJi  17 
v^ai.  \ 

General  Manager,  Electrical  Engin-  f 
eer  and    Chemist,    The    Electric!  A  June  20 
Storage  Battery  Co.,  Drexel  Bldg.,  j  M  May  2f 
Philadelphia,  Pa. 


Lloyd,  John  E. 


Lloyd,  Robert  McA. 


LocKWOOD.  Thomas  D.,/'.  /.  Inst.    Electrical  Engineer,  and 
[Life  Member.] 


Resident   Engineer,    South   African  (  .    j 
Tramways  Co..  93  Main  St.,  Port^  w  L  ' 
Elizabeth,  S.  Africa.  (  ^^  ^^^'^-  *5 

Electrician,    22    Broad   St  ;     resi-  (  .    ^ 
dence.    i    West    39th    St.,    New  ^  ^,  ^^J'    V. 
York  City.  (  ^^  ^o^-  ^5 

/.  Inst.  Electrical  Engineer,  and  (  *  a-.-,m  -- 
Advisory  Electrician,  P.O.  Drawer  •^{v  A  .  l\ 
2.  Boston,  Mass.  \UOcU   21 

Electrical  and  Consulting  Engineer,  j  A  Sept.  16 
Depew,  N.   Y.  (  M  Dec.  16 

LORRAIN,  James  Grieve    Norfolk  House,   Norfolk  St.,  Lon- j  A  May  16 

don,  W.  C,  England.  (  M  May   15 

Lovejoy,  j.  R.  General    Manager,    Supply    Dept.,  f  ^   .    ^^j 

General  Electric  Co.,  Schenec-s  .,  1/,  ^, 
tady,  N.  Y.  (  ^*  ^^^'  " 

Macfarlane,  Alexander,  D.  Sc.,  LL.D.  (Manager.)     Pro-  f 

fessor  in  Electrical  Engineering,  J  A  Tan.  19 
Lehigh  University,  South  Bethle- ]  M  Mayi  17 
hem.  Pa.  (, 


Loomis,  Osborn  P. 


Mailloux,  C.  O. 


Consulting     Electrical      Engineer,  (  -    Arkrii  .e 
150  Nassau  St.,    Telephone  3985  <  ff  5;P"*  l\ 


Cortlandt,  New  York  City. 


Mansfield,  Arthur  Newhall  Assistant  Electrician,  Ameri- 


A  Dec.  20 


can  Telephone  and  Telegraph  Co.,  Kw  j     ' 
153  Cedar  St.,  New  York  City.   (^  J«°«  20 
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Name.  Address.  .  Date  of  Membership 

Marks,  Louis  B.,  Af,  M.  E,    President,     Marks     Enclosed  f 

Arc  Light  Co. ,  68g  firoadway  ;  J  A  May  20. 
residence,  51  East  67th  St.,  New  1  M  Jan.  16, 
York  City.  [ 


Marks,  William  Dennis,  Ph.B.    C.    E,     President,     The  (  .   p  . 

American  Electric  Meter  Co.,  1014  \  .,  »,    *     '* 
Betz  Building,  Philadelphia,  Pa.     (  ^^  ^'^^^     '' 


Marshall,  J.  T. 
Martin,  Julius 

Marvin,  Harry  N. 

Maver,  William,  Jr. 


Metuchen,  N.  J. 


Mayer,  George  M. 
Maynard,  Geo.  C. 
McCay,  H.  Kent 

McCluer.  C.  E. 

McCrosky,  James  W. 


McCrossan,  J.  A. 


McMeen,  Samuel  G. 


Mersiion.  Ralph  D. 


MiLLis,  John 


Mitchell,  James 


Mix.  Edgar  W. 

molera,  e.  j. 
(16) 


i  A  Oct.     I. 
i  M  Nov.  12, 


Electrician,  16  Oak  St.,  Newark,  N.  (  .   q 

J.,  Master  Electrician,  Equipment  ■{  w  -J^  '       * 
htpt..  New  York  Na;y  Yard.         (  ^  ^^^^  ^°' 


A  July   12, 
M  April  21, 


Electrical   Engineer  and  Manager,  (  a    a     m  . 
Marvin  Electric  Drill  Co.,  Canas-  i  vf  1  ^"   ,2' 
tota,  N.  Y.  ]MJan.    17. 

Electrical   Expert    and   Consulting 
Electrical  Eng'r,  27  Thames  St.. 
New  York   City;   residence,  227" 
Arlington  Ave.  Jersey  Ciiy,  N.  J. 

Enterprise    Block,    5th    Floor,    79  j  A  Dec.  16, 
Fifth  Ave.,  Chicago,  111.  j  M  June  20, 

Electrical  Engineer,  800  H.  .St..  N.  j  A  April  15, 
W.,  Washington,  D.  C.  /  M  Dec.     9, 

Electrical  Engineer  and  Contractor,  (  *  c  t.  a 
106  E.  German  St.,  Baltimore.  -  C,  ?fP^-  ,' 
Md.  |MMay   19, 

Superintendent,  First    District,  So.  (ax* 
Bell     Telephone   and    Telegraph  J  f',  t"* 
Co.,  P.  O.  Box  32.  Richmond,  Va.  (  ^^  J*"*    '7. 

Chief  Engineer,  La  Capital  Tramway  f 

Co.  andCompainade  Luzy  Fuerza  I  A  Dec.  20, 
Mutriz  de  Cordoba,  Keconquista  1  M  Dec.  16, 
20,  Buenos  Aires.  Argentina.  [ 

Manager  and    Electrician,  Citizens'  (  *  n  ♦       a 
Telephone  and  Electric  Co.,  Rat  -^m  i^  q' 

Portage,  Ont.  j  M  Uec.    ib. 

Engineer,  Central  Union  Telephone  (  *    ▼%  « 

Co.,  1306  Ashland  Block. Chicago,  -j  ^j  Jj^^'   }°» 

if     Engineer,    Colorado     Elcc-  (  *   xf 

ic  Power  Co..  Colorado  Springs,  -  Cc  V  ^^'      * 
r,i  ^      *  •  I  M  Jan.    22, 


Chief 
trie 
Col. 


Captain  of  Engineers  U.  S.  A.,  The  (  »    t   1 
Lighthouse    Board.    Washington.  -''A  if  ^      ^' 
1).  C.  /**  ^^'^^^'     3. 

(.onstiucting  Knjjineer   and  Agent,  f 

llcncral  Klcctric  Co.,  Caixa  do  f  A  Sept.  25, 
Cnrrtio  No.  954,  Rio  dc  Janeiro,  1  M  Mar.  25, 
Brazil.  *  [ 

Electrician.  12  Boulevard  des  In- j  A  Sept.  3, 
valiiics.  l*aris.  France.  (  M  Mar.  20, 

• 

Civil  Engineer.  606  Clay  St.,  San  j  A  Jan.  16, 
P'rancisco,  Cal.  /  M  June     7, 
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Name.  Address.  Date  of  Membership. 

Moore,  D.  McFarlan      Inventor,    Moore  Electrical  Co.,  52  (A  Dec.  20,  1893 

Lawrence  St.,  Newark,  N.  J.  (M  June  20,  1894 

Morrow,  John  Thomas  Supt.  Electrolytic  Plant,  Boston  and  ( 

Montana  Consolidated  Copper  and  j  A  Dec.  21 
Silver  Mining  Co.,  Great  Falls,  ]  M  April  18 
Mont.  t 


KsiLRR,  Samuel  G.  Ass't  Electrical  Engineer,  Pierce  &  (  -    K^r\\  tJI 

Richardson,  1409  Manhattan]  J^-^P^jg 
Building,  Chicago,  111.  ( 

Nichols,  Dr.  Edward  J^.  Professor    of     Physics,      Cornell  j  A  Oct.     4 

University,  Ithaca,  N.  Y.  j  M  Dec.     6 

Nichols,  Geo   P.  Partner.    Geo.   P.   Nichols  &  Bro.,  ( 

Elec.  Engineers  and  Contractors,  f  A  Jan.  22 
1036  Monadnock  Bldg.,  Chicago,  |  M  Nov.  18 
111.  I 

Contracting  Electrical   Engineer,  8  (  »   ^^     . 

^«r.  n''*"  v*^'.;  J,'"P''°'"-  <*'•  iM  Si  ?8 
iSth;  New  York  City.  (         ^ 

ing   Engineer.    San    Miguel  (  ^  ^    .j 
.  Gold  Mining  Co.,  Telluride,  -j  »,  p.jV     ./ 


Noll,  Augustus 


NuNN,  Paul  N. 


Consult 
Cons 
Colo. 


M  Feb.  26 


O'CoNNELL,  Joseph  J.        Telephone  Engineer,  Chicago  Tele-  (  .   q 

phone  Co.,  Residence,  76  Eugene-^  w  ^^    *   ^ 
St.,  Chicago.  111.  (  ^  "^^-  ^° 

O'Dea,  Michael  Torpey     Professor  of  Applied    Electricity.  (  .    y  ^ 

University  of  Notre  Dame,  Notre -^  ^  J"°*  Jt 
Dame,  Ind.  (  ^  ^^^  ^5 

OUDIN,  Maurice  A.  Electrical  Engineer,  General  Electric  j  A  June  20 

Co.,  Schenectady.  N.  V.  j  M  Nov.  20 

Owens,  Robert  Bowie     Professor  of  Electrical  Engineering,  (  .    j 

University  of  Nebraska,  Lincoln,-!  w  h^     Jl 
Neb.  (  ^  ^^'^^  '5 

Paine.  F.  B.  H.  Weslinghouse     Electric  and    Mfg.  (  .   n        tA 

Co.,  328  Exchange  Building.  Bos-  j^,  ^^^-  \\ 
ton.  Mass.  (  *     ^ 

General   Electric  Co.,  180  Summer  j  A  June     8 
St.,  Boston,  Mass.  (M  Nov.    i 

Parker,  Lee  Hamilton    Ass't    Engineer,    Railway    Dept.,  J  .    . 

General   Electric    Co.,     Schenec- >  t.,  t-.^^*  A 
tady.   N.  Y.  )  ^*  ^^^-  ^^ 


Paine,  Sidney  B. 


Parks.  C.  Wellman 


Parshall,  Horace  FiKi.D    Elect 

son 


Pattison,  Frank  A. 


Pearson,  F.  S. 
Perot,  L.  Knowi.es 

(19) 


Civil  Engineer,    U.S.  N.,    Norfolk  jA  July    12 
Navy  Yard.  Va.  {  M  May     i 

rical  Engineer,  British  Thorn-  (  a   e^  * 
Houston.  Ltd.,  38  Pariiament-^  ^^  ^PJ"    ^ 
St.,  Westminster,  London,  Eng.    ( 

Firm  of  Pattison  Bros.  Consulting  f 
and   Constructing   Electrical  En- J  A  Sept.  22 
gineers.    136    Liberty    St.,    New  1  M  Dec.   16 
York  City.  (^ 

Engineer.    Room   841.  621    Broad- j  A  Oct.    25 
way.  New  York  City.  |  M  Feb.  21 

Vice- President  and  Manager.  Schuyl- (  .  », 

kill  Valley  Illuminating  Co..  Phoe-  \  ^  ^^-   J| 
nixville,  Pa.  f 
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Address. 


Date  of  Menabenhip. 


t^ERRiNE,  Frederic  A.  C,  D,  Sc,    Professor  of  Electrical  En-  C  .   «    ♦   ,5 

gineering,  Leland   Stanford,  Jr., -J  j^  V^P  '    , 
University,  Palo  Alto,  Cal.  ( 

Perry,  Nelson  W.,  £".  iV.,    Enssineer  ;     residence,     Brighton  i  A  May  17 

Heights,  Staten  Island,  N.  Y.       \  M  Mar.  21 


Pickernell,  F.  a. 


Pierce,  Richard  H. 


{Manager.)  Chief  Engineer 
Tel.  &  Tel.Co.,    153  Cedar 
New   York  City. 


.  Amer.  ( 
lar   St.,-j 


A  Feb.     7 
M  Mar.  18 


Pike,  Clayton  W.,  B.S. 


Porter, Joseph   F. 


Pierce  &  Richardson,  Electrical  En-  ( 
gineers,  1409  and  1410  Manhattan  J  A  April  18 
Hldg.,  Chicago;   residence.  5434 1  M  Dec.  20 
Monroe  Ave.,  Ilyde  Park,  III.         (^ 

Electrical  Engineer,  Falkenau  En-  (  .    j^  , 

gineering  Co..  7"  Reading  Ter- -v  w  Ort*  2c 
minal,  Philadelphia.  Fa.  /  ^^  '^"*    *5 

Manager.    Alton    Railway    and    II-  j  A  Sept.    6 
luminating  Co.,  Alton,  111.  \  M  Nov.     i 


Potter,  Wm.  Bancroft,  Encineer   Railway   Dept.,    Generalj  A  Jan.   22 

Electric  Co.,  Schenectady,  N.  Y.    |  M  Mar,  25 


Powell,  William  H. 
Pratt,  Robert  J. 
Puffer,  Wm.  L. 


[Address  unknown.] 
Greenbush,  N.  Y. 


( A  June  17 


M  Mar.  20 

A  July    12 
M  Sept.   6 


A  Dec.  20 
M  April  17 


Rae,  Frank  B. 


Reber,  Samukl 


(Manai^er.)  Assistant  Professor  of 
Electrical  Engineering,  Mass.  Ins- 
titute of  Technology,  Boston ; 
residence.    West  Newton,  Mass. 

Electrical    Engineer,      1109     Fort  (  .    a^-m 
Dearborn  Bldg.,   134  Monroe  St.,  ]  ^^  ^P"'  ^5 
Chicago,  111.  (  *      ^ 

Lieut.  Signal   Corps,   U.  S.   Army,  (  .  « 

Headquarters    Dept.    of    Texas. -CfTT? 
Qo«  Ant^«;o  T*..  ^  M  Jan.   22. 


San  Antonio,  Tex. 


Reckenzaun,  Frederick,    Electrical  Engineer,  44  Pine  St.,  i  A  Mar.    6 

New  York  City.  "/  M  June    5 


Reist,  Henry  G. 
Rice,  Calvin  Winsor 

Rice.  E.  Wilbur,  Jr. 
Ries,  Elias  E. 


RiKER,  Andrew  L. 

[Life  Member.] 


Designing  Engineer,  (leneral  Elec 
trie    Co.,    5    South    Church 
Schenectady,  N.  Y. 


■i5^-iA  Junei7 
^^  '1  M  Dec,  19 


Electrician,   Kings  County  Electric  (at 

Power  Co.,   Box  774.  -  (V  v" -i  !? 


Light  and   Po^ 
Brooklyn,  N.  Y. 


i  M  April  28 


Technical    I  )irector.    The    General  ( 
Electric  Co.,  Schenectady,  N.  Y.  \ 


A  Dec. 
M  Jan. 


6 
3 

2 
6 


Electrical   Engineer  and   Inventor.  (  a    t   1 
1031  Temple  Court :     residence,  i  w  q   ^  ' 
4  W.  115th  St.,  New  York  City.    (  ^*  ^*^P^- 

Electrical  Engineer,  The  Riker  Elec-  (  *  vy 

trie  Motor  Co  ,  4S  Vork  St.,  P.rook-  -  V,  ^°^'     i 
lyn;  residence,   Stamford,  Conn.    (  ^^' 
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Name. 
RoBB,  Wm.  Lispenard 

Roberts,  E.  P, 


Address.  Date  of  Membership. 

Professor  of  Physics,  Trinity  Col-  j  A  Dec.    i6,  iSgr 
lege,  Hartford,  Conn.  J  M 

E.  P.  Roberts  &  Co.,  Electrical  and 
Mechanical   Engineers,    firainard  ^ 
Block,  Telephone  2656,  Cleveland, 
O. 


M  Mar.  15,  1899- 

A  Jan.      6,  1885 
M  Feb.     3.  1885 


RoDGERs,  Howard  S. 

RoHRER,  Albert  L. 
Roller,  John  E. 


Robb,  Russell 
Ross,  Norman  N. 
Ross,  Robert  A. 


Electrical   Engineer,   care   General  (  a   c     ♦  «i.     a  « 

Electric  Co.,  264  W.  4th  Street,  \Z  m^  !!*  V^l 

Cincinnati.  6.                                   ( ^  ^^^V  '^'  '^3 

Electrical   Engineer,   with   General  (A  Nov.  i,  1887 

Electric  Co.,  Schenectady,  N.  Y.  |M  May  i,  1888 

Lieut.  U.  S.  N.,  in  charge  of  Tnspec-  ( 

tion  and  Installation,  U.  S.  itaLvy  \  A  Sept.  ig,  1894 

Yard,     New     York  ;      residence,  |  M  May  19,  1896 

Cranford,  N.  J.  ^ 

With   Stone  &    Webster,    4  P.  O.  (  A  Oct.  18.  1893 

Square,  Boston,  Mass.                      (  M  May  21,  1895 

Electrical    Engineer.     The    Royal  (  A  Sept.  20,  1893 

Electric  Co.,  Montreal,  Can.          (  M  Nov.  21.  1894 


Mechanical  and  Electrical  Consul- 
ting   Engineer,    17 
Montreal,  P.  Q. 


trical  Consul-  (  .   4,^  .    ^^    ^-^ 
St    Tohn  St     i^  ^^P*-  ^7.  189 


2 
893 


Rouquette,  William  F.  B.     Proprietor,   Rouquette  &  Co.,  j  A  Mar.  21,  1894 

1m- 


47  Dey  St.,  New  York  City. 


Dec.   19,  1894 


Ryan,  Harris,  J. 


Sachs,  Joseph 


{Vice-President.)   Professor  of  Elec-  (  .    pw_  ,0^ 

trical   Engineering,   Cornell  UniJ  j\  )^^^;,    ^'  \f^ 
versity,  Ithaca.  N.  Y.  /  ^  ^P"*  '7.  1895 


Devising  and  Consulting  Electrical  i  .    „  ^ 

Engineer     32   Nassau   St.,   New     ^  Mar.  15,  1892 


York  City.  ( 

Salomons.  Sir  David  Lionel,  Bart.   M.  A.,  Engineer  and 

"" Barrister.    Broomhill,  Tunbridge 

Wells,    Kent,  and   49   Grosvenor 
St.,  London,  W.  England. 


[Life  Member] 


A  Feb.     7,  1888 
M  May      i,  1888 


Sampson,  F.  D. 
Sands.  H.  S. 

Sargent,  William  D. 

Schekfler.  Fred.  A. 

Schmid.  Albert 
Schoen,  a.  M. 

Scott,  Chari.es  F. 

('9) 


Manager.   Charlotte   Electric  Light  j  A  Aug.    5,  1896 

tte,  N.  C.  ( 


and  Power   Co.,  Charlotte, 


M  Oct.  27,   1897 


Consulting  and  Constructing  Electri- (  4    -p  ,  - 

cal    Engineer.  Peabody  Building,  ^  J^  Jf^*  ^  '  Jg^S 
Wheeling,  W.  Va.  (  ^  ^^^'  ^'*  ^^^^ 

General  Manager,  N.  Y.  &  N.  J.  (  .  Anril  ic  188^ 
Tel.  Co..  16  Smith  St..  Brooklyn,  j  ^j  ^pril  15.  1884 

neral  Factory  Manager,  Sprague  (  ^  j^j        ^^    ^g 
electric  Co.,    Bloomtield,   N.  J.;-<  ,,  t  ^    26*  1806 
esidence.  Passaic,  N.  J.  (  '9^ 

Superintendent,  Westinghouse  Elec- j  A  Oct.  21,  1890 
trie  and  Mf'^.  Co.,  Pittsburg,  Pa.   (  M  April  17,  1895 

Electrician,    South    Eastern    Tariff  (  .    ^^  ^ 

Association,    Norcross    Building,  i  (t  ?;P*'  *?'  "S 
Atlanta.  Ga.  (  ^  ^*^^-   '^'  '^^ 

(/T/r;«<7^vr.^  Chief  Electrician,  West-  (*  a  m  _  ,«  _ 
inghouse  Electric  and  Mfg.  Co..  ]^  f P"*  \^'  [Hi 
Pittsburg,  Pa.  (  ^  J*°-    '"•  "93- 


General 
Elect 
resid 
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Name. 

Sever,  George  F. 


Addreac. 


Date  of  Membership. 


Professor  of  Physics,  Catholic  Uni- 
versity of  America,  Washington 
D.  C, 


893 
1894 


Instructor   in   Electrical   Engineer- (  .    ,  *^ 

ing,  Columbia  University.  Ncw-^  V^  JJ"'  ]l  JSl 
vSrk  City.  (  ^^  ^*y  ^9.  1896 

Manager,    Akron    General   Electric  ( A  May  17.  1893 
Co.,  Akron,  O.  |  M  Feb.  27,  1895 

'  3  A  Dec.  20,  I 
*  1  M  June  20,  I 

Electrical   Engineer,     1026  Filbert  j  A  Oct.    21,1890 
St.,  Philadelphia,  Pa.  (  M  Dec.  18,  1895 

Sheldon,  Samuel,  A.  M.,  Ph.D.    Professor  of  Physics  and  f 

Electrical  Engineering,  Polytech-^  A  Dec  16,  1890 
nic  iostitute.  198^  Schermcrhom,  |  M  Oct.  27,1891 
St..  Brooklyn,  N.  Y.  t 

Shepardson,  Gkorge  D.  Professor  of  Electrical  Engineering,  (  a   a     m  «•    »«  » 

University  of  Minnesota,  Minne--^  Cf  t^«  «I'  Ia?l 
apolis.  Minn.  \  ^^  J^"'   "•  ^^ 


Shaw,  Edwin  C, 
Shea,  Daniel  W. 

Sheble,  Franklin 


Sinclair,  U.  A. 

Smith,  Frank  Stuart 
Smith,  Jesse  M. 


Electrical 


Smith,  T.  Carpenter 


Spaulding,  Hollon  C. 


Sperry,  Elmer  A. 


Sprague,  Frank  J. 


ectrical  Engineer,  The  Tucker  (  .  ,  ^^  ,.  ,p^_ 
Electric  Co..  950  Bedford  Ave.,  ^  f;  W*  il*  JS2 
Brooklyn,  N.  Y.  \  ^^  ^*^-   ^^'  ^^ 

Supt.  Lamp  Factory,  Sawyer-Man  j  A  Sept.  27,  1892 
Electric  Co.,  Pittsburg,  Pa.  {  M  April  18.  1893 

Expert  in  Patent  Causes,  Consulting  f 
Electrical  and  Mechanical  Engi- f  A  April  15,  1884 
neer,  36   Moffat   Block,    Detroit,  [  M  June  26,  1891 
Mich.  t 

Mechanical  and  Electrical  Engineer.  {  k  c\  \     ot   »ftr»T 
2^^^  Drexel  Building.  Philadelphia,  j*  Oct.   ay.  Jgi 

Electrical    Engineer,  Manager,    N.  I 
E.    Oflfice,     Manhattan     GeneraU  A  April  21,  1891 
Construction  Co.,  611  John  Han- 1  M  June  20,  1894 
cock  Bldg.,  Boston,  Mass.  (^ 

Electrical  Engineer.  Sperry  Electric  (  ^  ^    ;,  g 

Railway  Co..  Miison  and  Belden  \^,  .-■'.  ,;'  .«  « 
Sts..  Cleveland.  O.  T'     '''•  "'  '*'^ 


(Past- President.)  Vice-Prcst.  Sprague 
Electric  Elevator  Co..  Postal  Tele- 
graph Bldg.,  22  Broad  St.,  and  182' 
West  End  Ave.,  New  York  City. 


A  May  24,  1887 
M  Feb.  17,  1897 


Standford,  William 


Asst.  Supt.  Telegraphs,.  Colonial  (  *  n  f  a  Tftflf 
Govt.,  Cape  Town,  Cape  of  Good  \  w  U";  J»  "2; 
Hope,  Africa.  |MDec.     6,1887 

Stearns,  Charles  K.  i5'.-£'.  Room   15,    116   Bedford    Street,  (  .    .„„     -.   .aj.^ 

and  85  Westlan.1  Avenue.  Boston.  ]  ^,  Aug.  ^6.  .889 


Stearns,  Joel  W.,  Jr. 
Stebbins,  Theodore 

(17) 


Mass. 

Treasurer.   Mountain    Electric  Co.,  J  A  June  20,  1894 
Box  1545,  Denver,  Col.  i  M  Nov.  20,  1895 

Engineer  of   Committee  on    Local  (  *    t  1        ^   rftft 
Companies.  General  Electric  Co.,  \  Ct  V^    ,2*  \V^ 
ScheUectady.  N.  Y.  ]  ^^  J""^  ^7.  1890 
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Name. 

Steinmetz,  Charles  P. 


Address.  Date  of  Membership. 

{Vice^Prendeni.)   Electrician,  Gen-  (  a   x»  «    -o    -o-^ 
eral^Electric    Co..   Schenectady,  j*  JJ*;:,  \\  {^^o 


Stephens,  George 
Stieringer,  Luther 
Stillwell,  Lewis  B. 


General    Supt.t   Canadian    General  j  A  June   20 
Electric  Co.,  Ltd.,Peterboro,  Ont.  (  M  Dec.    18 

Electrical  Expert,  Beard  Building,  j  A  June  8 
120  Liberty  St.,  New  York  City.    \  M  Nov.    i 

(Manager,)     Electrical      Director,  f 
Niagara  Falls   Power  Company,  I  A  April  19 
and    the    Cataract    Construction  ]  M  Nov.  15 
Co.,  Niagara  Falls,  N.  Y.  [ 

Electrical  Engineer.  Buffalo  Gen'l  j  A  Sept.  25 
Electric  Co.,  Buffalo,  N.  Y.  ]  M  April  22 

Division  Sup't.  Western  Division  (  .  Tii«.  oft 
New  England  Telephone  and  Tel-  \  ^  {^""^  ^^ 
egraph  Co.,  Springfield,  Mass.       (  ^  ^^^'  ^° 

Editor,  Electrical  World,  253  j  A  Jan.  20 
Broadway,  New  York  City.  /  M  Oct.    27 

Lawyer,  Westinghouse  Electric  and  (  a    *_  -i 
Mfg.    Co.,    120  Broadway,    New^^^P"\5 
York  City.  /  ^  ^^^^  '^ 

Thomas,  Benjamin  F., /^A. /?.     Professor   of    Physics,   OhiojAJune     7 

State  University,  Columbus,  O.      (  M  Nov.  15 

Thomson,  Prof.  Elihu   {Past  President).     Electrician,  Gen-  ( 

eral  Electric,  and  Thomson  Elec-J  A  April  15 
trie  Welding  Companies,  Lynn,  j  M  April  21 
Mass.  1 


Stott,  Henry  G. 
Taintor,  Giles 

Taltavall,  Tkos.  R. 
Terry,  Charles  A. 


Thompson,  Edward  P. 


Thurnauer,  Ernst 


Consulting  Electrician  and   Patent  C  »    a   ril  ic 
Attorney   in  Electrical  Cases,  83  s  w  -pP        \ 


Fulton  St.,  New  York  City. 


M  Dec.     3 


Manager,     Thomson- Houston     In-  (Ant 
temational  Elec.  Co.,  27  Rue  de  -J^j  ^^    ^J 


Londres,  Paris,  France. 


Tischendoerfer,  F.  W.  Electrical    Engineer,   SchUckert    &  j  A  April  19 

Co.,  Nuremberg,  Germany.  "/  M  Nov,  21 


Trafford,  Edward  W.  Electrical  Engineer,  Richmond  Rail- 
way and  Electric  Co.,  Foot  of  7th 
St.,  Richmond,  Va. 


A  Feb.  21 
M  Dec.  19 


Turner,  William  S. 


Uebelacker,  Chas.  F. 


Consulting  and  Constructing  Elec- 
trical and  Mechanical  Engineer, 
I  Nassau  St.,  New  York  City. 


A  Dec. 
M  Oct. 


Electrical    Engineer,    Consolidated  (  a   f  h 
Traction  Co.,  30  North  nth  St..  -j  ^j  ^^^   ^ 


Newark,  N.  J. 


Uhlenhaut,  Fritz,  Jr.    Philadelphia  Traction  Co.,  4101  Ha-  j  A  May     7 

verford  St.,  Philadelphia,  Pa.  (M  Dec.  19 


Upton,  Francis  R 
Vail,  J.  H 


Edison    Laboratory,  Orange,  N.  J.  j  A  May  17 

\  M  Mar.  15 

Engineer-in-Chief,      Penn.      Heat,  ( 
Light  and  Power  Co.,  and  Edison  J  A  June     8 
Electric    Light  Co.,  909  Walnut]  M  Nov.    i 
St.,  Philadelphia,  Pa.  [ 
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Name. 

Vansize,  William  B. 


Address. 


Date  of  Membenhip. 


Solicitor  of  Patents  and  Expert,  253  1  *    Arkr;i  re    *ftft^ 

Van  Trump.  C.  Reginald  Engineer  and  Manager,  Wilming-  (  .   ^^  .  -g^ 

ton    City  Electric  Co..  Wilming-  <?,  v!k    ^V  »af? 
ton,  Del.  ^Mteb.  21,1894 

Waddell.  Montgomery  Consulting    Engineer,    72    Trinity  jA  Feb.     7,  1888 

Place,  New  York  City.  (  M  May     i,  1888 

Wait,  Henry  H  . 


Waldo,  Dr.  Leonard 

Walker,  Sydney  F. 
Waring,  John 

Warner,  Ernest  F. 

Waterman,  F.  N. 

Weaver,  W.  D. 

Webb,  Herbert  Laws 

Weeks,  Edwin  R. 
Weller,  Harry  W. 
Weston,  Edward 


Assistant  Electrical  Engineer,  West-  (  »  c.-,..  ««   to^x- 

Irical  Engineer,  Secretary,  The  (  a    r 

aldo  Foundry,  57  Coleman  St.,  ^  w  {i"      V  \ 

•idgeport.  Conn.  (  ^  ^^^'    ^*  ^ 


888 
1888 


Electrical 
Waldo 
Bridgeport 

Electrical     Engineer,    195    Severn  (A  June    2,  1885 
Road,  Cardiff.  Wales.  1  M  May  17,  1887 

Ovid,  N.  Y.  jA  Dec.  16,  1890 

"JM  April  17,  1895 

Electrical  Engineer,  Western  Elec-  (  .    q     .  « 

trie  Co.;    residence,  402  Belden -^ f:  V«S1*  ^' JS? 
Ave.,  Chicago.  111.  (  ^^  J""^  ^^^  '®94 

Electrical    Engineer,  Westinghouse  (.    tru    «t    tq 
Electiicand  Mfg.  Co.,  120  Broad-  {?.  j'  "»  ^J93 
way.  New  York  City.  ( ^  J"°^  ^^^  '^94 

can    Electrician.    1  (  k   i,k       .-     oa 
street,    New    York^A  May    7.  1887 
'  jM  May  i^,  1887 

{Manager.)  18    Cortlandt  St.;  resi- (  .    ^ 
dence.    253   West  42d   St..  New-^C^^^       !a     S^ 
York  City.  •  (  ^  ^^'  '^'  '^^o 

706  Wall  St.,  Kansas  City,  Mo.         j  A  Sept.    6,  1887 

(  M  Nov.    I,  1887 

Electrical   Engineer,      Room    206,  jA  Oct.    21,  1890 


Editor     American     Electrician  ^ 
West    26th 
City. 


A  April  15,  1884 
M  Oct.   21,  1884 


Equitable  Building,  Boston, Mass.  ]M  Nov.  24,  1891 

{Past  president.)      Vice-President. 
Weston      Electrical      Instrument 
Co  ,    120   William   St.,   and   645^ 
High  St.,  Newark,  N.  J. 

Editor     The    Electrical    Engifuer,  W  April  15,  1884 
120  Liberty  St.,  New  York  City.     ^M  Dec.     9,  1884 

82  Bond  St.,  London,  Eng,  j  A  Jan.      3.  1888 

(MMay      1,1888 

Wheeler,  Schuyler  Skaats,  .bi  President,    Crocker-  ^ 


Wetzler,  Joseph 
Wharton,  Chas.  J. 


[Life  Member.] 


A  June    2,  1885 
M  Sept.    I,  1885 


White-Fraser,  Geo. 
Wiener,  Alfred  E. 

Wilcox,  Norman  T. 
(20) 


Wheeler  Lic^ .  ric  Co. ,  39  Cortlandt 
St.,  N.  Y.,    and  Ampere,  N.  J,;- 
residence,  4   West  33d  St.,  New 
York  City.  { 

Mem.  Can.  Soc.  C.  E.\  18  Imperial]  A  Sept.  22,  1891 
Loan  Building,  Toronto,  Ont.        \  M  Dec.    18,  1895 

Electrical  and  Mechanical  Engineer;  (  a    vr         a     a 
residence.  208  Liberty  St.,  Sche-  \v,  rj*y  \^>  "93 
nectady,  N.Y.  ^  ]yi  M^y  15,1894 

Sup't  Chattanooga  Light  and  Power  j  A  May    21,  1895 
Co.,  Chattanooga,  Tenn.  (  M  Jan.   22,  1896 
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Nane. 

Wilkes,  Gilbert 


Address. 


Consulting     Electrical      £n^ 


III  2      Union 
Detroit,  Mich. 


Trust 


En^neer,  ( 
Building,  s 


Dale  of  Membership. 

A  Jan.      7,  1890 
M  Mar.  18,  1890 


WiLLYOUNG,  Elmer  G.     E 


Wilson,  Charles  H. 


Wilson,  Fremont 


Wilson,  Harry  C. 


Winchester,  A.  E. 


.  G.  Willyoung  &  Co.,  Scientific  (  .  ^  ^ 

General     Manager,    Southern  Bell  (  *   jj^^  ^.    .qo. 

Telephone  Co.,  26  Cortlandt  St.  A?,  £1^^'  ,;**  ]^l 

New  Vork  Cit^.  (  ^  ^^^'  '^'  '®^* 

Electrician,  66  Maiden  Lane,  (Tele-  (  .    w  ^     ^^g 

phone,  1651  Cortlandt)  and  2153  ^m  Tune  ^'  1888 

Seventh  Ave.,  New  York  City.        (  ^^  J"°*  5,  I8W 

Supt.  of  P.  O.  Telegraph  with  the  (  .    j  « 

Government,  Kingston,  Jamaica,  <  t  4»«*.  2'  ll^l 

West  Indies!  ]  M  June  7.189a 


Consult 


onsulting  Engineer  and  Designer  (  .  y,,^^  •  ,««. 
of  Electric  Systems,  South  Nor-  ^  ^  J^J  ^  "SZ 
walk.  Conn.  (  ^  ^^^^    '»  '®®7 

WiNSLOW,  George  Herbert    Consulting  Electrical  Engineer,  (a*      iTi^Tfl* 

82  &  83  Schmidt  Building.  339  ]m  Feb  26*  iM, 
Fifth  Ave.,  Pittsburgh,  Pa.  ^^  ^^^'  ^^'  "^o 


Consulting  Engineer.  1028  Filbert  j  A  Sept.  8,  1888 
St.,  Philadelphia,  Pa.  "j  M  June  20,  1894 

Electrician.  455  Bowling  Green  jA  Mar.  6,  1888 
Building,    New  York  City.  (  M  Dec.  16,  1890 

Electrician,  N.  Y.  &  Pa.  Telephone  jA  Mar,  18,  1890 
and  Telegraph  Co.,  Elmira,  N.  Y.  J  M  Feb.  21,  1895 

General  Superintendent,  People's  (  .  ^  .  ^^ 
Electric  Light  and  Power  Co.,  36-^  w  t  ^  Ia  !o^ 
Mechanic  S^t.,  Newark,  N.  J.  (^  >°-   ^^'  '^5 

WuRTS,  Alexander  Jay  Westinghouse  Electric  &  Mfg.  Co.,  j  A  April  19,  1892 

Pittsburg,  Pa.  (  M  Nov.  15,  1892 


Wirt,  Charles 

WOLCOTT,  ToWNSEND 

Wolverton,  B.  C. 
Wright,  Peter 


Young,  C.  Griffith 


Electrical    Engineer,   White-Crosby  (  .    t--       ,    .00 
Co      706    Equitable    Building..     ^  Jan      3     889 

Baltimore,  Md.  ^  r  •       ^ 


Members, 
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Name. 

Abbott,  Henry 


Abella,  Juan 


ASSOCIATE  MEMBERS. 
Address. 

President,  Calculagraph  Co. ,  2  Maiden 
Lane,  N.  Y.;  residence.  32  So. 
Clinton  St.,  East  Orange,  N.  J. 

Director  General  of  Public  Lighting, 
Buenos  Aires  ;  residence,  691  CalTe 
Bolivar,  Buenos  Aires,  Argentine 
Republic. 

Adae,  Chas.  Flamen        Room  24,  11 1  Broadway,  P.  O.  Box, 

2809  ;  New  York  City 

Adams,  Comfort  A.,  Jr.  Assistant  Professor  of  Electrical  Engi- 
neering. Harvard  University,  13 
Farrar  St.,  Cambridge,  Mass. 


Date  of  Electioo. 


Apr.  28,   1897 


Adamson,  Daniel 

Agnew,  Cornelius  R. 
Albanese,  G.  Sacco 

Albert,  Henry 
Alden,  James  S. 
Aldrich,  William  S. 


Alexander,  Harry 


Anderson,  Henry  S. 


Manager  Joseph  Adamson  &  Co., 
Hyde,  Cheshire,  England. 

Electrical  Engineer,  150  Nassau  St., 
23  West  39th  St.,  New  York  City. 

Electrical  Expert,  Compagnie  Fran- 
caise  Thomson-Houston,  Mustapha, 
Algeria. 

Electrical  Engineer,  815  Main  St., 
Jacksonville,  Fla. 

Assistant  Manager,  with  L.  H.  Alden, 
486  River  Drive,  Passaic,  N.  J. 

Professor  of  Mechanical  Engineering 
and  Director  Mechanical  Arts,  West 
Virginia  University.  P.  O.  Box  256, 
Morgantown,  W.  Va. 

Electrical  Engineer,  General  Manager 
and  Vice  Prest.  Alexander-Chamber- 
lain Electric  Co.,  56  West  22d  St., 
and  348  W.  145th  St.,  New  York 
City. 

General  Manager  and  Electrician, 
United  Electric  Light  Co..  Spring- 
field. Mass. 


Aug.  5,  1896 

Dec.  16,  1896 

Jan.  17,  1894 

Feb.  26,  1896 

Mar.  21,  1894 

Sept.  30,  1893 

Feb.  21,  1893 

May  19,  1 891 


Mar.  15,  1892 


Andrews,  William,  C.     Electrical   Engineer,  26  South  Aurora 

St.,  Ithaca,  N.  Y. 

Anson,  Franklin  Robkrt     Receiver,  Salem  Consolidated  Street 

Railway  Co.,  Salem,  Ore. 

Anthony,  Watson  G.       Electrician,  32^    Webster  St.,  New- 
ark, N.  J. 

Appleyard,  Arthur  E.    Manager  and    Engineer,    Natick  Gas 

and  Electric  Co.,  Natick,  Mass. 

Wesiinghouse  Electric  and   Mfg.  Co. 
120  Broadway,  New  York  City. 

Electrical   Engineer,   31  Burling  Slip, 
New  York  City. 

Electrical  Expert,  1306  Great  Northern 
Hotel  Building,  Chicago,  111. 


Archbold,  Wm.  K. 
Archer,  Geo.  F. 
Armstrong,  Chas.  G. 
Ashley,  Frank  M. 
(20) 


Master  Mechanic.  Ashley  Engineering 
Works,  69  Beekman  St.,  New  York. 


April  21,  1891 

Jan.  16,  1895 
May  21,  1895 
Feb.  27,  1895 
Feb.  24,  1891 
Aug.  5,  1896 
June  20,  1894 
Nov.  21,  1894 
Sept.  27,  1892 
Nov.  21,  1894 
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ASSOCIATE  MEMBERS 


V 


Name. 

Atkins,  Harold  B. 


Atwood,  George  F. 
Austin,  Sydney  B. 

auerbacher,  louis  j. 

Babcock,  Clifford  D. 
Badeau,  Isaac  F. 

Baldwin.  Alfred  De  V. 

Balcome,  Herbert  A. 
Baldwin,  Jas.  C.  T. 

Ball,  Wm.  D. 

Balsley,  Abe 

Bancroft,  Chas.  F. 
Bangs,  Chas.  R. 

Banks,  William  C. 

Barbour,  Fred  Fiske 


Barnes,  Chas.  R. 


Barnes,  Edward  A. 
Barry,  David 
Barstow,  William  S. 


Barton,  Enos  M. 
Bates,  Frederick  C. 


Address. 

£n$|^neer,  A.  K.  Wairen  &  Co..  451 
Greenwich   St. ,    New    York   City ; 
residence,  Roselle,  N.  J. 

Orange,  N.  J. 

Metropolitan  Electric  Construction  Co., 
20  Broad  Street ;  residence,  no  E. 
18th  Street.  New  York. 

Auerbacber  &  Venino,  Electrical  En- 
gineers and  Contractors,  317  Market 
St.,  Newark,  N.  J. 

[Address  unknown.] 

Assistant  to  the  Engineer,  New  York 
Telephone  Co. ;  residence,  244 
Clinton  St.,  Brooklyn,  N.  Y. 

Selling  Agent.  Crocker- Wheeler  Elec- 
tric Co  ,  P.  O.  Box,  267  ;  residence, 
708  W.  85  St.,  New  York. 

With  The  B.  F.  Sturtevant  Co., 
Jamaica  Plain  Station,  Mass. 

Superintendent  Bell  Telephone  Co.,  of 
Mo.;  loth  and  Olive  Sts.,  St.  Louis, 
Mo. 

Consulting  Electrical  Engineer,  W.  D. 
Ball  &  Co  ,  1625  Monadnock  Block, 
Chicago,  111. 

Chief  Electrician.  Terre  Haute  Electric 
Railway  Co.,  514  No.  6^  Street, 
Terre  Haute.  Ind. 

Electrical  Engineer,  Lowell  and  Sub- 
urban Street  Railway,  Lowell,  Mass. 

Special  Agent,  American  Telephone 
and  Telegraph  Co.,  15  Dey  St., 
New  York. 

Electrician,  Gordon-Bumham  Batterv 
Co.,  82  West  Broadway,  New  York 
City. 

Manager,  Power  and  Mining  Depart- 
ment, Pacific  District,  General 
Electric  Co.,  15  First  St.,  San 
Francisco,  Cal.,  and  1673  Valdez  St., 
Oakland,  Cal. 

City  Electrician  and  Electrical  Expert 
to  State  R.  R.  Commission,  Roch- 
ester, N.  Y. 

Electrical  Expert,  Fort  Wayne  Elec- 
tric Co.,  Fort  Wayne,  Ind. 

Electrician  and  Superintendent,  Am- 
herst Gas  Co. ,  Amherst,  Mass. 

General  Supt.,  Edison  Electric  Iliumi- 
nating  Co.,  360  Pearl  St.,  Brooklyn, 
N.  Y. 

President  Western  Electric  Co.,  227 
South  Clinton  St.,  Chicago,  111. 

Electrical  Engineer,  General  Electric 
Co.,  44  Broad  St.,  New  York  City. 


Date  of  Election. 

June  23,  1897 

Sept.  16,  1890 

Sept.  25,  1895 

Sept.  20,  1893 

Feb.  21,  1894 

Feb.  26,  1896 

Aug.  13,  1897 

Oct.  27,  1897 

April  17,  1895 

Nov.  20,  1895 

Oct.  27,  1897 

Dec.  18,  1895 

Jan.  26.  1898 

May  18,  1897 


May    16,  1893 

Aug.  13,  1897 
Sept.  20,  1893 
Aug.     5,  1896 

Feb.  21,  1894 
July    12,  1887 

Jan.    20,  i84;i 


ASSOCIATE  MBMBER8 
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Name. 

Bates,  Putnam  A. 

fiEAMES,  Clare  F. 
Beattie,  John,  Jr. 


Bechtel,  Ernest  J. 
Beebe,  M.  C. 

Bell,  Ora  A. 


Address. 

Student,  Columbia  University ;  resi- 
dence, 113  West  72d  St.,  New  York 
City. 

Ingeniero,  Mexican  General  Electric 
Co.,  Apartado  403,  City  of  Mexico. 

Manager  and  Superintendent,  The 
Beattie  Battery,  Zinc  and  Electric 
Co.,  Fail  River,  Mass. 

Superintendent,  Power  Plant,  Toledo 
Traction  Co.,  Toledo,  O. 

Ass't.  in  Electrical  Engineering.  Uni- 
versity of  Wisconsin :  residence, 
271  Langdon  St.,  Madison,  Wis. 

Electrical  Engineer,  Western  Electric 
Co.,  22  Thames  St.,  New  York; 
residence.  921  St.  Nicholas  Ave., 
New  York. 

Bennett,  Edwin  H.,  Jr.  Electrician  and  Engineer,  Diehl&Co., 

Elizabetbport,  N.  J.,  and  19  West 
33d  St.,  Bayonne,  N.  J. 

Bennett,  John  C.  Electrician,  General   Electric  Co..  44 

Broad  St.,  New  York  City. 

Benoliel,  Sol.  D.,  B,  5.,  E.  E.y  A,  Af.  Consulting  and  Contract- 
ing Electrical  Engineer,  103  East 
62nd  Street,  New  York  City 

Chicago  Telephone  Co.;  residence, 
221  Scoville  Ave.,  Oak  Park,  111. 

Engineer,  General  Electric  Co.;  resi- 
dence, 53  Washington  Ave.,  Sche- 
nectady, N.  Y. 

Electrical  Engineer,  Gen'l  Electric 
Co.,  Schenectady,  N.  Y. 

Secretary  and  Treasurer,  Ithaca  Street 
Railway  Co.,  Ithaca,  N.  Y. 

Inventor,  Columbia  Road,  between 
Fourteenth  and  Fifteenth  Sts., 
Washington,  I).  C. 

Berresfori),  Akihur  nV.,  B.  5.,  M.  E.      Electrician,      Ward 

Leonard   Electric   Co  ,    Bronxville, 
N.  Y. 

Electrical  Engineer,  Florida  East  Coast 
Hotel  System,  St.  Augustine,  Fla. 

General  Manager,  The  New  York 
Telephone  Co.,  18  Cortlandt  St., 
New  York  City. 

Member  of  Inspection  Dept.,  The 
Edison  Elec.  lUmg  Co.  of  N.  Y.; 
residence.  Englewood,  N.  J. 

Electrician,  U.  S.  Navy  Yard,  Wash- 
ington, D.  C. 

Drexel  Bldg.,  Philadelphia,  Pa.;  resi- 
dence, 264  Rittenhouse  St.,  German- 
town,  Pa. 

BijUR,  Joseph,  ^.  ^.,  ^.  ^.    Walker  Company,   i   Nassau  St.; 
[Life  Member.]  residence,   172  West  75th  St.,  New 

York  City. 
(21) 


Bentley,  Merton  H. 
Berg,  Ernst  Julius 

Berg,  Eskil 
Bergholtz,  Herman 

Berliner,  Emile 


Best,  A.  T. 
Bethell,  U.  N. 

Betts,  Hobart  D. 

Betts,  Philander  3d 
Biddle,  James  G« 


Date  of  Election. 

Jan.     20,  1897 
May    21,  1895 

Sept.  6,  1887 
Mar.  24,  1897 

Jan.  26,  1898 


Aug.  5,  1896 

June  20,  1894 
Mar.  18,  1890 

Oct.  21,  1896 
Oct.  18,  1893 

Sept.  19,  1894 
Nov.  20,  1895 
April  2,  1889 

April  15,  1884 

May  15,  1894 
April  19,  1894 

Jan.  17,  1894 

Aug.  5,  1896 
Mar.  25,  1896 

Aug.  5,  1896 

May  15,  1894 
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Name.  Addrewi.  Date  of  Election. 

Black,  Cmas   N.  Walker    Company,     140    Winchester 

Ave.,  New  Haven,  Ct.  April  19,  1890 

Black,  Howard  D.  Salesman,    Blackall    &    Baldwin,     7 

West  iqth  St.;  P.  O.  Box,  267,  New 
York,  N.  Y  Sept.  15,  1897 

Blackall,  Frederick,  S.     Selling    Agent.    Crocker-Wheeler 

Electric  Co  ,  P.  O.  Box,  267  New 
York  ;  residence.  Koselle,  N.  J.  Sept.  15,  1897 

Blake,  Henry  W.  Editor,    Street  Railway  Jourtial,   26 

Cortlandt  St.,  New  York  City.  Nov.  13,  1888 

Blake,  Theodore  W.       Box,  263,  New  Haven,  Conn.  Sept.  20,  1893 

Blanchard,  Charles  M.  Winterbum,  Pa.  Sept.  19,  1894 

Blaxter,  Geo.  H.  Vice-President  and  General  Manager, 

Allegheny  County  Light  Co.,  West- 
ingbouse  Building,  Pittsburg,  Pa.         Sept.  25,  1895 

Bliss,  George  S.  24  Chase,  W.  Lynn,  Mass.  June  20,  1894 

Bliss,  Wm.  J.  A.  Johns  Hopkins  University  ;  residence, 

1017  W.  Paul  St.,  Baltimore,  Md.       Jan.    20,  1891 

Bliss,  William  L.,  B,  S.,  M.  Af.  E,     Electrical   Engineer,    128 

Front  St.,  New  York  City;  residence, 
505  Throop  Ave.,  Brooklyn,  N.  Y.  Mar.    21,  1894 

Blizard,  Charles  Manager  of  New  York  Office,  Electric 

Storage  Battery  Co..  22  Broad  St.; 
residence,  34  W.  27th  St.,  New  York 
City.  Nov.   21,  1894 

Blunt,  Willam  W.  Electrical      Engineer.     Westinghouse 

Elec.  &  Mfg.  Co  ,  Ltd.,  32  Victoria 
St.,  London,  Eng.  Dec.    16,  1S96 

BoGART,  A.  Livingston     Electrical    and     Patent     Expert,    22 

Union  Square,  New  York  City.  July    10,  1888 

BoGGS,  Lemuel  Stearns  Reed  Hotel,  Ogden,  Utah.  Sept.  20,  1893 

BoGUE,  Charles  J.  Manufacturer  an«l  Dealer  in  Electrical 

Supplies,  206 Centre  St.,  N.Y.  City.     Dec.      3,  1889 

BoHM,  Ludwig  K.,  Ph.D.,  Consulting  Electrical  and  Chemical 

Expert,  117  Nassau  St.,  N.  Y.  City.     Nov.    15,  1892 

Bolan.  Thomas  V.  Supervising    and     Constructing    En- 

gineer* The  General  Electric  Co., 
Schenectady,  N.  V.;  residence,  869 
N.  41st  St.,   Philadelphia,  Pa.  Aug.      5,  1896 

BovLKS,  Thomas  D.  Electrical   Engineer,  General   Electric 

Co. ;  residence,  58  Washington  Ave., 
Schenectady,  N.  Y.  Mar.  20,    1895 

Brackett,  Byron  B.         Instructor     Electrical      Engineering, 

Union  College,  Schenectady,  N   Y.      Nov.    30,1897 

Brackett,  Prof.  Cyrus  F.  Princeton,  N.  J.  April  15,  1889 

Braddell,  Alfred  E.       Electrical      Inspector,    Underwriters' 

Association,  Middle  Department, 
316  Walnut  St.,  Philadelphia,  Pa.         Sept.     i,  1890 

Brady,  Frank  W.,  M,  E.  Professor  of  Engineering  and  Physics, 

New  Mexico  College  of  Agriculture 
and  Mechanic  Arts,  Mcsilla  Park, 
N.  M.  June    20,  1894 

(22) 
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Name. 

Bradt,  Paul  T. 

Bragg,  Charles  A. 

Brayshaw,  I. 
Brixey,  W.  R. 

Broich,  Joseph 

Brophy,  William 

Brown,  Albert  VV. 
Brown,  Chas.  L. 

Brown,  Hugh  Thomas 
Browne,  Sidney  Hand 

bubert,  j.  f. 

Buck,  Harold  W. 
Buckingham,  Chas.  L. 

Bunce,  Theodore  D. 
Burch,  Edward  P, 

Burgess,  Ciias.  Fred'k 

Burke,  James 
Burnett,  Douglass,  B 


Burroughs,  Harris  S. 
Burt.  ByronT. 

Burton,  Paul  G. 

Burton,  William  C. 

(22) 


Address. 

Manager,  Central  N.  Y.  Agency,  West- 
inghouse  Electric  and  Mfg.  Co., 
Syracuse,  N.  Y. 

Manager  Phila.  Agency,  Westing- 
house  Electric  and  Mfg.  Co.,  302 
Girard  Building,  Philadelphia,  Pa. 

Telegraph  Inspector  Great  Southern 
Railway,  City  of  Buenos  Aires. 

Proprietor  and  Manufacturer,  Day's 
Kerite  Wire  and  Cables,  203  Broad- 
way, New  York  City. 

Superintendent  and  Electrician,  with 
F.  Pearce,  New  York  City;  resi- 
dence, 448  8th  Ave.   Brooklyn,  N.  Y. 

Electrician  to  the  Wire  Department,  12 
Old  Court  House,  Boston;  residence, 
17  Egleston  St.,  Jamaica  Plain,  Mass. 

Mechanical  and  Electrical  Engineer, 
192  Broadway :  residence,  27  W. 
24th  St  ,  New  York. 

Gen'l  Manager  and  Sec'yi  Chicago 
Mutoscope  Co.,  1309  Monadnock 
Block,  Chicago,  III. 

Electrical  Engineer,  Nashville,  Tenn. 

.  Consulting  Electrical  Engineer,  809 
Equitable  Bldg.,  Baltimore ;  resi- 
dence, RuxtOn,  Md. 

Supervising  and  Contracting  Electrical 
Engineer,  402  Exchange  Bldg., 
(Telephone  1379)  Boston,  Mass. 

14  East  45th  St.,  New  York  City. 

Patent  Attorney,  Western  Union  Tele- 
graph Co.,  195  Broadwav,  P-  O. 
Box  856.  New  York  City. 

The  Storage  Battery  Supply  Co.,  239 
E.  a7tn  St.,  New  York  City. 

Electrical  Engineer,  Twin  City  Rapid 
Transit  Co.,  517  6th  Ave.,  S.  E., 
Minneapolis.  Minn. 

Instructor  in  Electrical  Engineering, 
University  of  Wisconsin,  Madison, 
Wis. 

Consultinjr  Electrical  Engineer,  150 
Nassau  St.,  New  York  City. 

S.  Edison  Illuminating  Co.,  Inspection 
Dept.,  55  Duane  St.,  New  York 
City;  residence.  42  Livingston  St., 
Brooklyn.  N.  Y, 

1416  Pacific  St.,  Brooklyn,  N.  Y. 

Manager  and  Sec'y.  and  Treas.  Charles- 
ton Light  and  Power  Co.,  Charles- 
ton, S.  C. 

Constructing  Electrician,  Western 
Electric  Co.;  residence,  149  Lenox 
Ave,  New  York  Citv 

With  White-Crosby  Co..  29  Broadway, 
New  York.   N.  Y. 


Date  of  Election. 

July  12,  18S7 

Sept.  20,  I  $93 

Aug.  5,  1896 

Sept.  20,  1893 

Jan.  17,  1894 

Mar.  5,  1889 

Feb.  17,  1897 

Nov.  20,  1895 

Jan.  26,  1898 

Apr.  28,  1897 

June  7,  1892 

Jan.  16,  1895 

April  15,  1884 

May  20,  1890 

Jan.  28,  189S 

Mar.  2£,  1896 

May  16,  1893 


Feb.  21,  1893 
Nov.  30,  1897 

Sept.  25,  1895 

Nov.  20,  1895 
Sept.  20,  1893 
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Address. 

President,  The  Puget  Sound  Reduction 
Co.,  Everett,  Washington. 

Electrical  Engineer,  The  Rahway 
Electric  Light  and  Power  Co.,  Rah- 
way,  N.  J. 

Walker  Company,  gi 2  Ellicott  Square, 
Buffalo,  N.  Y. 

Cabot,  Francis  Elliott  Supt.  of  Inspection  and   Electrician, 

Boston  Board  of  Fire  Underwriters, 
55  Kilby  Street ;  residence,  East 
Milton,  Mass. 


Name. 

Butler,  William  C. 
Buys,  Albert 


Byrns,  Robert  A. 


Date  of  Election. 
Mar.    21,  1893 

Feb.      7,  1890 
Dec.   16,  1896 


Cabot,  John  Alfred 
Caldwell,  Edward 


City  Electrician,  115  W.  8th  .St.,  Cin- 
cinnati, O. 


April  17.  189s 
May    16,  1893 


President  Empire  Advertising  Co. ,  1 50 
Nassau  St.,  New  York  City;  resi- 
dence,  407   E.    5th  St.,  Plainfield, 

N.  J. 

Caldwell,  Francis  C.  Assistant  Professor  of  Electrical  En- 
gineering, Ohio  State  University, 
Columbus,  O. 

Electrical   Engineer,  The  Cleveland 
City    Railwav  Co.;    residence,    18 
Clinton  St.,  Cleveland,  O. 

Western  Electric  Co.;  residence,  404 
W.  44th  St.  New  York  City. 

Raimondo  &  Capuccio,  Consulting 
Engineers  and  Patent  Agents,  Piazza 
Staluto  15,  Turin,  Italy. 

Electrical  Engineer,  Sprague  Electric 
Co.,    Bloomfield,  N.  J. 

Vice-President,  Carpenter  Enamel 
Rheostat  Co. ;  residence,  36  W.  35th 
St.,  New  York. 

Secy,  and  Gen.  Supt.,  The  Southern 
Bell  Telephone  and  Telegraph  Co., 
26  Cortlandt  St.,  New  York  City. 

Attorney  and  Expert  in  Patent  Causes, 
Carter  &  Graves,  810  Reaper  Block, 
Chicago,  III. 


Canfield,  Milton  C. 

Canfield,  Myron  E. 
Capuccio,  Mario 

Carichoff,  E.  R. 
Carpenter,  Chas.  E. 

Carson,  David  I. 
Carter,  Henry  W. 


Carty,  J.  J. 

Case,  Willard  E. 
Casper,  Louis 


Engineer,  New  York  Telephone  Co., 
15  Dey  St.,  New  York  City ; 
residence,  Cranford,  N.  J. 

196  Genesee  St.,  Auburn,  N.  Y. 

Electricial  Engineer  and  Contractor, 
3122  Wabash  Ave.,  Chicago,  111. 

■ 

Chadbourne,  Henry  R.,  Jr.     Electrical  Engineer,  130  Bedford 

St.,  Boston,  Mass. 

Chapman,  A.  Wright       Electrical  Engineer,  160  Hicks  St., 

Brooklyn,  N.  Y. 

Cheney,  Frederick  A.     Maple  Avenue,  Elmira,  N.  Y. 

Chermont,  Antonio  Leite     Engineer,  Firm  of  Chermont,  Silva 

and   Miranda,  Box  252,  Para,   U.  S. 
Brazil. 

(21) 


Jan.     20,  1 891 

June   20,  1894 

Feb.    21,  1893 
May  21,  1895 

Dec.  20,  1893 
Mar.    21,  1894 

Aug.  5,  1896^ 
Dec.  21,  i89» 
Apr.    28,  1897 

April  15,  1890 
Feb.      7,  1888^ 

April  21,  189Z 
May    15,  1894 

Mar.  25,  1896 
Oct.      I,  1889^ 

Mar.   18,  1890 
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Name. 

Chesney,  C.  C. 

Childs,  Sumner  W. 

Childs,  Walter  H. 
Chism,  George  F. 

Chubbuck,  H.  Eugene 

Clark,  Chas.  M. 


Clark,  LeRoy,  Jr. 


Clark,  William  J. 

Clement,  Edward  E. 

Clement,  Lewis  M. 
Clough,  Albert  L. 
Cody,  L.  P. 

Coffin,  Chas.  A. 
Cogswell,  A.  R. 

CoHO,  Herbert  B, 

Coles,  Edmund  P. 
Colgate,  Geo.  L. 

CoLLETT,  Samuel  I). 


CoLviLLE,  Frank  C. 


Comfton.  Alfred  G. 


Coolidge,  Charles  A. 


Address. 

Electrician,  Stanley  Laboratory,  Pitts- 
field,  Mass. 

c/o  J.  G.  White  Co..  706  Equitable 
Bldg.,  Baltimore,  Md. 

Brattleboro,  Vt. 

Civil  Engineer,  3  No.  Pearl  Street, 
Albany,  N.  Y. 

Vice-President,  The  Pueblo  Electric 
Street  Railway  Co.,  Pueblo,  Col. 

Student,  Electrical  Course,  Columbia 
University  ;  residence,  831  Madison 
Ave.,  New  York  City. 

Electrical  Engineer  of  the  Safety  Insu- 
lated Wire  and  Cable  Co.,  229  West 
28th  St.,  residence,  208  West  85th 
St.,  New  York  City. 

General  Manager,  Railway  Dept.  Gen- 
eral Electric  Co.,  44  Broad  Street, 
New  York  City. 

Ass't  Examimer,  Electrical  Division, 
U.  S,  Patent  Office,  Washington, 
D  C. 

1013  Central  Ave.,  Oakland,  Cal. 

Box  114,  Manchester,  N.  H. 

Manager  and  Engineer,  Grand  Rapids 
Electric  Co.,  9  South  Division  St., 
Grand  Rapids.  Mich. 

General  Electric  Co.,  iSo  Summer 
St.,  Boston,  Mass. 

Electrician  and  Superintendent,  Hali- 
fax Illuminating  and  Motor  Co., 
Ltd.,  34  Bishop  St.,  Halifax,  N.  S. 

H.  B.  Coho  &  Co.,  Electrical  En- 
gineers, 220  Broadway,  New  York 
City. 

Resident  Engineer,  Manaos  Electric 
Lighting  Co  ,  Manaos.  U.  S.  Brazil. 

Electrical  Engineer,  Ironclad  Rheostat 
Co.,  Westfield.  N.  J.;  residence, 
Fanwood,  N.  J. 

Eastern  Manager.  Elevator  Supply 
and  Repair  Co.,  136  Liberty  St., 
New  York  City;  residence,  Van 
Pelt  Manor,  N.  Y. 

Electrician  and  Inventor,  1503  Seventh 
Ave.,  Oakland,  Cal. 


Date  of  Election. 
June    20,  1894 

May    15,  1894 
Sept.    6,  1887 

Mar.   21,  1893 

Dec.     4,  1888 

April  22,  1896 


May    15,  1894 

April  22,  1896 

May  18,  1897 
April  21,  1891 
Feb.   21,  1894 

Aug.  5,  1896 
Dec.     6,  1887 

April  21,  1891 

Mar.  21,  1894 
Oct.    23,  1895 

June    17,  1890 


Feb.    26,  1896 
May    19,  1 89 1 


Professor  of  Applied  Mathematics, 
College  of  the  City  of  New  York, 
17  Lexington  Ave.,  New  York  City.     Nov.      i    1887 

Electrical  Engineer,  Portland  General 
Electric  Co  ,  12  Selling-Hirsch  Bldg. 
Portland,  Ore.  April  19,  189a 


(21) 
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Name.  Address.  Date  of  Election. 

COPELAND,  Clkment  A.    As<(i«tant      SuperintendeDt.      Edison 

Electric  Co.,  Los  Angeles,  Cal.  June    23,  1897 

Corey,  Fred  Brainard    Sec'y  Springfield  Elevator  and  Pump 

Co.,  Springfield,  Mass.  Dec.    20,  1893 

Cornell,  John  B.  Supt.  of  Construction,  with  Chas.  L. 

Cornell,  Hamilton.  O.  Sept.  25.  1895 

Corson,  William  R.  C.    Electrical  Engineer,  The  Eddy  Electric 

Mfg.  Co.,  Windsor,  Conn.  Jan.    17,  1893 

Cory,  Clarence  L.  Professor  of   Electrical   Engineering, 

University  of  California,  Berkeley, 
Cal.  April  19,  1892 

Crain,  John  Jay.  American    Impulse    Wheel  Co.,    120 

Liberty  St.,  New  York  City.  Dec.   16,  1896 

Crandall,  Chester  D.  Assistant  Treasurer.  Western  Elec- 
tric Co..  227  South  Clinton  St.; 
residence,  4438  Ellis  Ave.  Chi- 
cago,  III.  Sept.  27,  1892 

Crane,  W.  F.  D.  Manager  Electrical  Department  H.  W. 

Johns  Manufacturing  Co.,  too 
William  Street,  New  York  City; 
residence,  24  Ilalstead  PI.,  East 
Orange,  N.  J.  Feb.      7,  i$88 

Crawford.  David  Francis    Ass't    to    Supt.    Motive    Power, 

Penn'a  Co.,  Fort  Wayne,  Ind.  Sept.  25,  1895 

Crawford,  L.  G.  Sup't,  Repair  Dep't  General  Electric 

Co.,  Chicago,  III.  Oct.    23,  1895 

Creaghead,  Thomas  J.    President      and      General     Manager, 

Creaghead  Engineering  Co.,  296 
Plum  St.,  Cincinnati,  O.  Sept.  20,  1893 

Crehore,  Albert  C, /'A. Z>,  Assistant     Professor   of    Physics, 

Dartmouth  College,  Hanover,  N.  H.     Dec.    21,  1892 

Crews,  J.  W.  Manager,    Southern    Bell    Telephone 

and  Telegraph  Co.,  124  Main  St., 
Norfolk,  Va.  Sept.  19,  1894 

Crigcal,  John  E.  Electrician,    61  Stiriing  Street,  New- 

ark, N.  J.  June    20,  1894 

Crocker,  Eben  Clinch  Electrical  Engineer,  American  Ord- 
nance Co..  29  Harriet  Street, 
Bridgeport,  Conn.  Jan.     26,  1898 

Crosby,  Oscar  T.  White -Crosby    Co.,    14 17    G    Street, 

Washington,  D.  C.  Mar.  18.  1890 

CuMNER,  Arthur  B.  64  Federal  St.,  Boston,  Mass.  Feb.     27,  1895 

Cunningham,  K.  R.  Sup't  Fort  Dodge   Light   and    Power 

Co.,  Fort  Dodge,  Iowa.  Jan.    22,  1896 

CuNTZ,  Johannes  M.         Assistant  to  President  Henry  Morton, 

Stevens  Institute  of  Technology, 
325  Hudson  St.,  Hoboken,  N.  J.  Mar.      5,  1889 

daCunha,  Manuel  Ignacio  Manager  of  the  Electrical  Section, 

Emprera  Industrial  Gram-Para, 
Para,  U.  S.  of  Brazil.  May    16,  1893 

Dame,  Frank  L.  General    Sup't,  Tacoma  Railway  and 

Motor  Co.,  Tacoma,  Wash.  June   26,  1891 

(21) 
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'  Name. 

Damon,  Geo.  B. 
Dana.  R.  K. 
Danielson,  Ernst 
Darrow,  Eleazar 
Davenport,  C.  G. 


Address. 
Metropolitan    Electric     Construction 
Co.,  20  Broad  St,  New  York  City. 

Agent,   Washburn    and    Moen    Mfg. 
Co.,  i6  Cliflf  St.,  New  York  City. 

Consulting     Electrician,     i6    Scheele 
Gatan.  Stockholm,  Sweden. 

Professor  M.   E.    Dept.    Washington 
Agr.  College,  Pullman,  Wash. 

Expert  and   Agent,  General   Electric 
Co.,  44  Broad  St.,  New  York  City. 


Davenport,  George  W.   6i  Ames  Bldg.,  Boston,  Mass. 


Davidson,  Edw.  C. 
Davis,  Delamore  L. 

Davis.  Joseph  P. 
Davis,  W.  J.,  Jr. 
Dkgen,  Lewis 


Patent  Lawyer,  Room  179  Times 
Bldg.,  New  York  City. 

Superintendent,  Salem  Electric  Light 
and  Power  Co.,  299  Lincoln  Ave., 
Salem,  O. 

Engineer,  American  Bell  Telephone 
Co.,  113  W.  38th  St., New  York  City. 

Electrical  Engineer,  General  Electric 
Co.,  Schenectady,  N.  Y. 

Constructin(|f  Engineer,  Gen'l  Electric 
Co.,  Kio  de  Janeiro,  Brazil. 


deKhotinsky,  Capt.  Achilles,    Late    Chief    Electrician    and 

I'orpedo  Officer,  Imperial  Russian 
Navy,  Western  Electric  Co.,  Chi- 
cago, 111. 


deLancey,  Darragh 
Denton,  James  E. 


Manager  of  Kodak  Park  Works,  East- 
man Kodak  Co.,  Rochester,  N.  Y. 


Professor  of  Experimental  Mechanics, 
Stevens  Institute  of  Technology, 
Hoboken,  N.J. 

Consulting  Engineer,  27  Thames  St., 
New  York  City. 

Dewar,  John  Thomas      Electrical    Expert,    Western    Electric 

Co.;  residence,  33  Rue   Bouewijns, 
Antwerp,  Belgium. 


DeRedon,  Constant 


Pres't  and  Gen'l  Mgr.  Dey-Griswold 
Co.,  residence.  62  Church  St., 
Pawtucket,  R.  I. 

Attomev-at-Law,  64  E.  34th  St.,  New 
York  City. 

Supt.  Electric  Dept.,  Homestead  Steel 
Works,  Munhall,  Pa. 

Electrical  Engineer,  Riding  Mill-on- 
Tyne,  Northumberland,  Eng. 

DooLiTTLE,  Clarence  E.     Manager    and  Electrician.    Roaring 

Fork  Electric  Light  and  Power  Co., 
Aspen,  Colo. 

DooLiTTLE,  Thomas  B.     Engineering     Department.    American 

Bell   Telephone  Co.,  125  Milk  St., 
Boston,  Mass. 

(22) 


Dey,  Harry  E. 

Dickerson.  E.  N. 
Dinkey,  Alva  C. 
DoBBiE,  Robert  S. 


Date  of  Election. 
June  23,  1897 

April  15,  1884 

June  27,  1895 

Aug.     5,  1896 

Nov.  21,  1894 
June     4,  1889 

Feb      7,  1890 

April  2,  1889 
April  15,  1884 
Mar.  20,  1895 
Sept.    25,  1895 

Oct.  27,  1891 
Sept.  19,  1894 

July  12,  1887 
May    18.  1897 

May  21,  189s 

Dec.  19.  1894 

April  15,  1884 

Feb.  17,  1897 

Feb.  5,  1889 

May  15,  1894 

May  16,  1893 
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Du  Bois,  Julian 

Duncan,  John  D.  E. 
Duncan,  Thomas 

DuNLAP,  Will  Knox 
Dunn,  Kingsley  G. 


Name.  Address. 

DoREMUS,  Charles  Avery    M.D.  Ph.D.  59  W.  51st  St.,  New 

York  City. 

Dressler,  Charles  E.      17  Lexington  Ave.,  New  York  City. 

Drysdale,  William  A.     Consulting  Electrical  Engineer,  Hale 

Building,  Philadelphia,  Pa. 

Chief  Electrician,  Mohawk  Division 
N.  Y.  C.  &  H.  R.  R.  R.  Albany, 
N.  Y. 

76  Miller  Ave.,  Ann  Arbor,  Mich. 

Electrician,  Laboratory  Fort  Wayne 
Electric  Corporation,  407  Broadway, 
Fort  Wayne,  Ind. 

Electrical  Engineer,  Westinghouse 
Elec.  and  Mfg.  Co.,  Niagara  Falls, 
N.  Y. 

Dunn  &  McKinley,  Electrical  Con- 
tractors. 523  Mission  St.,  i^an  Fran- 
cisco, Cal, 

DURANT,  Edward  Chief  Electrical  Engineer.  Manhattan 

State  Hospital  of  the  State  of  New 
York,  Ward's  Island,  N.  Y.;  resi- 
dence,  115  East  26th  St.,  New  York 
City. 

DuRANT,  Geo.  F.  Vice-Pres't  Bell  Telephone  Co.,  of  Mo., 

511  No.  4th  St.,  St.  Louis,  Mo. 

Dyer,  Francis  Maron      Associate    Engineer    with    Chas.    L. 

Eidlitz,  10  West  23d  St  ;  residence, 
355  Lenox  Ave.,  New  York  City. 

Eddy,  H.  C.  Electrical   Engineer  and    Contractor, 

Lees  Building.  Chicago,  111. 

Eden,  Morton  Edward  Electrical  Inspector.  Western  District 

the  Underwriters'  Association  of 
the  Middle  Department,  245  Fourth 
Ave. ,  Pittsburg  ;  residence,  Warren 
Pa. 

Construction  Engineer,  General  Elec- 
tric Co.,  7c6,  'Ihe  Phoenix,  Minne- 
apolis. Minn. 


Date  of  Election. 

July      7»  1884 
Dec     16,  1890 

Sept.  19,  1894 


Nov.   20,  1895 
Mar.    20,  1895 


Oct.     17,  1894 


Sept.  25,  1895 


Oct.    17,  1894 


Nov.  15,  1892 
April  15,  1884 

Sept.   19,  1894 
June   20,  1894 


Edmands,  I.  R. 


Edwards,  James  P. 
ECLIN,  Wm.  C.  L. 


Ekstrom,  A.xel 
Eley,  Harris  H. 

Ellard,  John  W. 

Elias,  Albert  B. 
(20) 


Electrical  Engineer,  1569  Walton  Way, 
Augusta.  Ga. 

Chief  of  Electrical  Department.  Edison 
Electric  Light  Co..  909  Walnut  St.; 
residence,  4230  Chester  Ave.,  {Phila- 
delphia, Pa. 

Electrical  Engineer,  (general  Electric 
Co.;  Schenectady,  N.  Y. 

Electrical  Workshop  Supt.  W.  C.  &  S. 
W.  Telephone  Co.,  88  Colston  St., 
Bristol,  Eng. 

Treasurer,  Edison  Electric  Illuminat- 
ing Co.,  15  South  Street,  Baltimore, 
Md. 

Electrician,  Davis  Coal  and  Coke  Co., 
Thomas,  West  Va. 


Sept.  19,  1894 

June  23, 1S97 
April  19,  1892 


Sept.  19,  1894 

June  17,  1890 

Jan.  7,  1890 

June  23,  1897 

Jan.  26.  1898 
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Ellicott,  Edward  B.       Superintendent    of    City    Telegraph, 

Union  League  Club,  Chicago,  111. 

Elmer,  William.  Jr.        Electrical   Engineer,   68  Park  Place, 

Newark,  N.  J- 

Ely,  Wm.  Grosvenor,  Jr.     8  Union  Street,  Schenectady,  N.  Y. 

Emerick,  Louis  W.  Electrical  Engineer,  The  Solvay  Pro- 

cess Co.,  Syracuse,  N.  Y. ;  residence 
208  East  Jefferson  St.,  Syracuse, 
N.  Y. 

Emmet,  Herman  L.  R.      Publisher  and    Printer,  36  Cortlandt 

St..  New  York  City. 

Ende,  Siegfried  H.         121  E.  77th  St.,  W.  New  York  City. 

Entz,  Justus  Bulkley     Electrical  Engineer,  Electric  Storage 

Battery  Co.,  19th  St.,  and  Allegheny 
Ave.,  Philadelphia,  Pa. 


Date  of  Election. 
Sept.   19,  1894 

Mar.   18,  1890 
Mar.   21,  1893 


Erickson,  F.  Wm. 
EsTY,  William 

Etheridge,  Locke 

Etheridge,  E.  L. 
Evans,  Edward  A. 

Eyre,  M.  K. 


Electrical  Engineer,  Lord  Electric  Co., 
181  Tremont  St.,  Boston,  Mass. 

Assistant  Professor  of  Electrical  Engi- 
neering, State  University,  Urbana, 
111. 

Chicago  Telephone  Co.;  residence, 
44  £.  50th  St.,  Chicago,  111. 

Care  of  J.  P.  Hall,  143  Liberty  St., 
New  York  City. 

Acting  Chief  Engineer,  The  Quebec, 
Montmorency  and  Charlevoin  Kail- 
way,  Quebec,  Canada. 

Manager  Harrison  Works,  General 
Electric  Co.,  Harrison,  N.  J. 


Farnsworth,  Arthur  J.    Chief  Engineer,  Larchmont  Electric 

Co.,  Mamaroneck,  Conn. 


Fay,  Thomas  J. 


Fielding.  Frank  E. 

[Life  Member.] 

Firth,  Wm.  Edgar 


Fischer,  Gustave  J, 

Fish,  Milton  L. 
Fisher,  Henry  W. 


FisKE,  J.  Parker  B. 
Flather,  John  J. 

(22) 


Crocker-Whceler  Electric  Co.,  39 
Cortlandt  St.,  New  York  City. 

Chemist  and  .-Vssayer,  Virginia  City, 
Nev. 

Chief  Engineer,  The  Midvale  Steel 
Co.,  Niceiown.  Philadelphia  ;  resi- 
dence, 7203  Boyer  Si.,  Germantown, 
Pa. 

Engineer  for  Tramway  Construction, 
Public  Works  Department,  Sydney, 
N.  S.  W. 

306  Bryant  St.,  Buffalo,  N.  Y. 

Electrician  and  Director  of  Elec.  and 
Chem.  Laboratories:  The  Standard 
Underground  Cable  Co..  Pittsburg, 
Pa. 

164  Devonshire  St.,  Boston,  Mass. 

Professor  of  Mechanical  Engineering, 
Purdue  University,  Lafayette,  Ind. 


Aug.  13,  1897 

April  15,  1884 

Jan.  17,  1894 

Jan.  7,  1890 

Sep.  19,  1894 

Mar.  20,  1895 

Oct.  17,  1894 

Dec.  20,  1893 

Jan.  22,  1896 

Oct.  17,  1894 

Jan.  16,  1895 

June  26,  1891 

Sept.  6,  1887 


Mar.    25,  1896 

Jan.    20,  1891 
Oct.     21,  1896 


Jan.     16,  1895 
June    17,  1890 

April  19,  1892 
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Name. 

Flesch,  Charles 


Flood,  J.  F. 
Flory,  Curtis  B. 
Floy,  Henry 

FooTE.  Charles  W. 

FOOTE.  Thos.  H. 

Forbes,  Francis 
Forbes,  George 


Address.  Date  of  Election. 

Electrical  Engineer,  Ailgemeine  Elek- 
tricttats-Gesellschaft,  22  Schiffbauet- 
datnm,  Berlin,  N.  W.  Germany.  Sept.  27,  1892 

Sup't  Steuben ville  Traction  Co., 

Steubenville,  O.     Mar.  18,  x89a 

Link  Belt  Engineering  Co.,  Nicetown, 
Philadelphia,  Pa. 

Engineer  Westinghouse  Electric  and 
Mfg.  Co.,  171  La  Salle  St.;  residence, 
5540  Cornell  Ave.,  Chicago,  111. 

General  Manager,  Citizens  Traction 
Co..  San  Diego,  Cal. 

Electrical  Engineer.  C.  &  C.  Electric 
Co.,  Garwood,  near  West  field,  N.  J.     April  21,  1891 

Lawyer,  32  Nassau  St.,  New  York  City.     Sept.  16,  1890- 


April  22,  X89& 

May    17,  1892 
Sept.  22,  1 891 


Electrical  Engineer,  34  Great  George 
St.,  London,  Eng. 


Feb.    21,  1894 
Mar.    24,  1897 


Ford,  \Vm.  S. 

Francisco,  M.  J. 
Frankenfield,  Budd 
Franklin.  W.  S. 
Frantzen,  Arthur 


Mar.  2;,  1896 


June    7,  1892 


Ford,  Arthur  Hillyer,  706  University  Ave.,  Madison,  Wis. 

Ford,  Frank  R.,  Af.  E.  Consulting  Engineer,    Ford,  Bacon  & 

Davis,    220  Broadway,   New   York 
City. 

Assistant  to  Chief  Engineer,  The 
American  Bell  Telephone  Co. ,  room 
73,  125  Milk  St.,  Boston,  Mass. 

President  and  General  Manager,  Rut- 
land Electric  Light  Co.,  Rutland, Vt.     June    17,  189a 

Instructor  in  Electrical  Engineering, 
State  College,  Center  Co.,  Pa. 

Lehigh  University,  South  Bethlehem, 
Pa. 

Electrical  Engineer  and  Contractor, 
225  Dearborn  St.,  Chicago,  111. 

French.  Prof.  Thomas,  Jr.  Ph.D.  Avon«lale,  Cincinnati,  O. 

Frenyear,  Thomas  C.      Westinghouse  Electric  and  Mfg.  Co., 

Guaranty   BIdg.,  Buffalo.  N.  Y. 

Fridenberg,  Henry  Leslie,  M.  E.     Stanley  Mfg.  Co.,  (Meter 

Dept.,)  Pittsfield,  Mass. 

Friedlaender,  Eugene    Electrician,  Carnegie  Steel  Company, 

Duquesne,  Pa. 

Secretary,  National  Automatic  Fire 
Alarm,  335  Broad wav.  New  York 
City. 

Consulting  and  Supervising  Engineer. 
120  Liberty  Street  ;  residence,  1190 
Madison  Ave.,  New  York  City. 

4 5'? I  West  Pine  Boulevard,  St.  Louis, 
Mo. 

Garfield,  .Alkx.  Stanley    Engineer,   Cie   Thomson- Houston, 

27  Rue  de  Londres,  Paris,  France. 

Gerry,  James  H.  Superiniendent,      The      Self-Winding 

Clock  Co.,  163  Grand  Ave.,  Brook- 
lyn. N.  V. 

Gersox,  Louis  Jay  Engineer  and  Contractor,  712  Sansom 

St.  ;     residence.    637   S.   49th    St , 
Philadelphia,  Pa. 

(2S) 


Frost,  Joseph  W. 


Gallahkr,  Edward  B. 


Garrels,  W.  L. 


Feb.  17,  1897 

Jan.  22,  1896 

Feb.  21,  1894 
Sept.  20,  1893 

Sept.  25,  1895 

Jan.  16.  189s 

Nov.  20,  189s 

Mar.  20,   189s 

Jan.  19,  1895 

Mar.  20.   1895 

Jan.  26,  1898 

April  18,  1894 

Sept.  19,  1894 
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Gherardi,  Bancroft,  ]r.,     Assistant  in  the  Engineering  Dept. 

New  York  Telephone  Co.;  resi- 
dence, 30  East  33d  St.,  N.  Y.  City. 

GiLLiLAND,  E.  T.  Felham  Manor,  N.  Y. 

GiLMORE,  LuciEN  H.  Prof.  of  Physics  and  Electrical  Engi- 
neering. Throop  Polytechnic  Insti- 
tute, Pasadena,  Cal. 

GiTHENS,  Walter  L.        Manager,    H.    P.    Elec.    Light    and 

Power  Co.,  7284  So.  Chicago  Ave.; 
residence,  5101  Kimbark  Ave.,  Chi- 
cago, Ills. 

Glading.  Frank  W.    J/.  E.,  M.  S.  Edison  Manufacturing  Co., 

West  Orange,  N.  J. 

Gladstone,  James  Wm.    Manager,  Edison  Mfg.  Co.,  no  East 

23d  St.,  New  York  City  ;  residence, 
West  Orange,  N.  J. 


Date  of  Election. 

June  27,  189s 
April  15,  1884 

Mar.  20,  1895 


Jan.    22,  1896 
May    15,  1894 

April  18,  1894 


GoDDARD,  Chris.  M. 


GOLDMARK,  ChAS.  J. 


Secretary  and  Electrician,  New  En- 
gland Insurance  Exchange.  Sec*y 
Underwriters*  National  Electric 
Ass'n,  55  Kilby  St„  Boston,  Mass. 

Electrical  Engineer,  39  Cortlandi  St., 
and  473  Park  Ave.,  New  York  City. 


GOLDSBOROUGii,  WINDER  Elwell,  M,  E.,  Professor  of  Elec- 
trical Engineering,  Purdue  Univer- 
sity, Lafayette.  Ind. 


Gorton,  Charles 
Gordon,  Reginald 

GORRISSEN,  Cii. 


Civil  Engineer,  Belmont,  N.  Y. 

Tutor      in     Physics,    Columbia   Uni- 
versity, New  York  City. 

With   Siemens  &   Halske,    Franklin- 
strasse  29,  Charlottenburg,  Ger. 


Gobbler,  Philip  Green    Electrical  Engineer,  Royal  Electric  Co. 
'  94  Queen  St.,  Montreal,  P.  Q. 

Gott,  Clarence  P.  83  Washington  Place,  New  York  City. 

Graham,  George  Wallace    80  Decatur  St.,  Brooklyn,  N.  Y. 

Granbery,  Julian  H.       Draughtsman,  residence,  Closter,  N.  J. 

Graves,  Chas.  B.  Marblehead,  Mass. 

Greenleaf,  Lewis  Stone     Electrician,    Hudson    River    Tele- 
phone Co.,  Albany,  N.  Y. 

Green,  Elwyn  Clinton   Testing    Department    and    Installing 

Work,  Jenney  Electric  Motor  Co., 
206  South  East  St.,  Indianapolis, 
Ind. 


April  22,  1896 
June     5,  1888 

Mar.  21,  1893 
Nov.    12,  1889 

Feb.    24,  1891 

Mar.   25,  1896 

June  20,  1894 
Nov.  20,  1895 
Dec.  19,  1894 
Aug.  5,  1896 
Sept.   15,  1897 

Aug.     5,  1896 


Greenwood,  Fred.  A. 
Griffen,  John  D. 


Griffes,  Eugene 

(32) 


Secretary  California  Electric  Works, 
409  Market  St  ,  San  Francisco,  Cal. 

Inventor,  Electric  Conduit  and  Elec- 
tric .Signaling  Apparatus,  60  Broad- 
way ;  residence,  304  West  90th  St., 
New  York. 

Electrical  Engineer,  534  South  Broad- 
way,  Los  Angeles,  Cal. 


Mar.    25,  1896 
April  28,  1897 


Aug.   13.  1897 
Feb.   26,  1896 


650 


ASSOCIATE  MEMBERS 


Name.  Addresi. 

Griffin,  Capt.  Eugene    First  Vice-President,  General  Electric 

Co.,  44  Broad  St.,  New  York  City. 


Gross,  S.  Ross 
Grower,  George  G. 

Guy,  George  Heu 

Hadley.  Arthur  L. 


Hadley,  Fred'k  W. 


Electrician,  Tennessee  Coal,  Iron  and 
K.R.  Co.,  Ensley,  Ala. 

Electrician  and  Chemist,  Ansonia 
Brass  and  Copper  Co.,  Ansonia, 
Conn. 

Secretary,  The  New  York  Electrical 
Society,  120  Liberty  St  ,  New  York 
City. 

Assistant  Electrician  to  Chief  Electri- 
cian and  Gen'l  Supt.,  Fort  Wayne 
Electric  Corporation,  174  W.  Craigh- 
ton  Ave.,  Fort  Wayne,  Ind. 

Electrical  Eng'r,  Arlington  Heights, 
Mass. 


Date  of  Election 

Feb.     7,  1890 
May    17,  1892 

Mar.    18,  1890 

May    16,  1893 


Hakonson,  Carl  Haroli>    Electrical  Engineer,  with  the  Union 

Elektricitats  Gesellschaft,  Hollmann 
Str.  32,  Berlin  S.  W.,  Ger. 


Hall,  Edward  J. 

Hall,  J.  P. 
Hall,  William  P. 


Halsey,  William  B. 


Vice-President  and  General  Manager, 
American  Telephone  and  Telegraph 
Co.,    15    Dey  St.,  New  York  City. 

Electrical  Contractor,  143  Liberty  St. ; 
residence,  200  W.  136th  St.,  N.  Y. 

President,  The  Hall  Signal  Co.,  Vice- 
President  The  Johnson  Railroad 
Signal  Co.,  44  Broad  St..  New  York 
City. 

Electrician  and  Horologist,  246  Elton 
St.,  Brooklyn,  N.  Y. 


Oct.     17,  1894 
Aug.     5,  1896 

Sept.  25,  1895 

April  i8,  1893 
Aug.      5,  1896 


Hamerschlag,  Arthur  A.     Electrical     Expert,    and     Owner 

Hamerschlag    &  Co.,   100   Maiden 
Lane,  New  York  City. 

Hammatt,  Clarence  S.   Supt.,  Jacksonville  Electric  Light  Co., 

Jacksonville,  Fla. 


Hanchett,  Geo.  T. 

Hancock,  L.  M. 
Harding,  H.  McL. 
Harris,  George  H. 

Harris,  W.  C,  Jr. 


Electrical  and  Technical  Engineer, 
123  Liberty  St.,  N.  Y. ;  residence, 
Hackensack,  N.  J. 

P.  O.  Box  151.     Nevada  City,  Cal. 

I  Nassau  Street,  New  York  City. 

Electrical  Engineer,  Birmingham  Rail- 
way and  Electric  Co.,  Birmingham, 
Ala. 

Electrician,  Harris  &  Williamson,  Bir- 
mingham, Ala. 


Hartman,  Herbert  T.     Cor.  loth  and  Sansom  Streets,  Phila- 
delphia, Pa. 


Harvey,  Robert  R. 

[lAtt  Member.] 

(ao) 


10  So.  Franklin  St.,  Wilkes-Barre,  Pa. 


Sept.  16,  1890 
Mar.    18,  1890 

Mar.  25,  1896 
Sept.  20,  1893 

May  19,  1896 
May  19,  1891 
May    24,  1887 

June  20,  1694 

April  17,  1895 

Mar.  ai,  1893 
Sept.  25,  1895 
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Hatzel,  J.  C. 

Hbaly,  Louis  W. 
Hedenbrrg,  Wm.  L. 


Hewitt,  Charles^E. 


Hewitt,  William  R. 


'  Nome.  Address. 

Hathaway,  Joseph  D.,  Jr.    Assisunt  in  Cable  Dep't  Western 

Electric  Co.,  57  Bcthunc  St.,  N.  Y. 
City. 

Electrical   Engineer  and    Contractor, 

114  Fifth  Ave.,  New  York  City. 

Mechanical  Engineer's  Office,  Altoona, 
Pa. 

Firm  of  Hedenber^  &  Kinsey,  Con- 
sulting and  Constructing  Engin- 
eers, 108  Fulton  St.;  residence,  83 
Clinton  Place,  New  York  City. 

Hellick,  Chauncey  Graham  Electrical  Engineer,  The  Chicago 

Telephone  Co. ;  residence,  193  Dear- 
born Ave.,  Chicago,  111. 

Henderson,  Alex.  Chief  Inspector,  New  York  Fire  Dept. ; 

residence,  321  West  11 8th  St.  N.  Y. 

Henderson,  Henry  Banks    Riverside,  Cal. 

Hermessen,  John  Louis   Chief  of  Data  Dept.,  Union  Elektrici- 

tats  Gesellschaft.  Kleist  Strasse  29, 
Berlin,  Germany. 

Hessenbruch,  George  S.  E.E.  Ph.D,  Berliner  Str.  75,  Char- 

lottenburg,  Germany, 

Electrician,  Hyer-Sheehan  Electric 
Motor  Co.,  100  Johnson  St.,  New- 
burgh.  N.  Y. 

Superintendent,  Fire  Alarm  and  Police 
Telegraph,  9  Brenham  Place,  San 
Francisco,  Cal. 

Hewlett,  Edward  M.     Electrical    Engineer,    Railway  Dept. 

General  Electric  Co.,  Schenectady, 

N.  Y. 

Consulting  Engineer,  44  Broadway, 
New  York  City. 

Washington  Loan  and  Trust  Building, 
Washington,  D.  C. 

Hill,  Nicholas  S.,  Jr.     Chief   Engineer    Water   Department, 

City  Hall,  Baltimore,  Md. 

City   Electrician,   City  of  Cleveland, 

115  Citv  Hall:   residence,    3   Dor- 
chester Ave.,  Cleveland,  O. 

Engineer,  care  British  Thomson- 
Houston  Co.,  83  Cannon  St.,  Lon- 
don Eng. 

Hochhausen,  William     Electrician,   40   4th   Ave.,    Brooklyn, 

N.  Y. 

HoLBERTON,  George  C.     Electrical  and    Mechanical   Engineer, 

Bangkok,  Siam, 

HOLBROW,  Herman  L.      With  New  York  Telephone  Co.,  New 

York  City ;   residence,    Rutherford, 
N.  J. 

Holt,  Marmaduke  Burrell,  Mining  and  Electrical  Engineer, 

287  Lexington  Ave.  New  York.N.Y. 

Hommel,  Ludwig  Supt.      of     Construction,      Standard 

Underground  Cable  Co..  Westing- 
house  Building,  Pittsburg,  Pa. 
(22) 


Hill,  George,  C,E. 
Hill,  H.  P. 


Ho  AG,  Geo.  M. 


Hobart,  Henry  M. 


Date  of  Election. 

Aug.  5,  1896 
Sept.     3,  1889 

June  26,  1 89 1 

Nov.  21,  1894 

Jan.    26,  1898 

Nov.  30,  1897 
May    21,  1895 

Jan.  20,  1897 
June   27,  1895 

Sept.  25,  1895 
May    15.  1894 

May  19,  189X 
April  19,  1892 

Nov.  18,  1897 
Aug.     5,  1896 

April   28,  1897 

April  18,  1894 
April  15,  Z884 
May    15,  1894 

Mar.  24,  1897 
April  15,  1890 

Jan.    20,  1897 
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Hood,  Ralph  O.  Electrical  Engineer,  Danvers,  Mass. 

HOPEWELL,  Chas.  F.         Inspector  of  Wires,    Supt.  of   Lamps, 

Fire  Alarm  and  Felice  Telegraph, 
City  of  Cambridge,  City  Hall ;  resi- 
dence. 82  Magazine  St. ,  Cambridge- 
port.  Mass. 

Hopkins,  Nbvil  Monroe    Electrical  Engineer,  1730  I  Street, 

Washington.  D.  C. 


Date  of  EleotioB. 
April  18,  1894 


HoRNSBY,  Harry  H. 
HosMER,  Sidney 

HowsoN,  Hubert 
Hubbard,  Albert  S. 


Electrical  Inspector,  16  City  Hall, 
Chicago,  111. 

Sup't.  Underground  Cable  Dep't, 
Boston  Electric  Light  Co  ,  Ames 
Building,  Boston,  Mass. 

Patent  Lawyer,  38  Park  Row,  New 
York  City. 

Electrical  and  Mechanical  Engineer, 
The  Electro  Chemical  Storage  Bat- 
tery Co.,  Belleville,  N.  J. 

Hubbard,  William  C.     Vice-President,  The  Electric  Arc  Light 

Co., '150  Nassau  St.,  New  York  City; 
residence,  427  West  7th  St.,  Plain- 
field,  N.  J. 

HuBLEY,  G.  Wilbur         Electrical  Engineer,  Louisville  Electric 

Light  Co.;  residence,  717  Fourth 
Ave,  Louisville,  Ky. 

Hubrecht,  Dr.  H.  F.  R.  Director,    Nedcrlandsche    Bell   Tele- 
phone Co.,  Amsterdam,  Holland. 


Aug.  13,  1897 

Nov.  20,  1895 

June  27,  1895 

May  18,  1897 

June  8,  1887 

Nov.  20,  1895 


Hudson,  John  E. 

huggins,  n.  w. 
HuGUET,  Chas.  K. 
Hull,  S.  P. 

HULSE.  Wm.  S. 

Humphreys,  C.  J.  R. 

Hunt,  Arthur  L. 
Huntley,  Chas.  R. 


President,  The  American  Bell  Tele- 
phone Co.,  125  Milk  St.,  Boston, 
Mass. 

Salesman,  etc..  General  Electric  Co., 
Seattle,  Wash. 

'  Electrical   Engineer,    1216  Carondelet 
St.,  New  Orleans,  La. 

Chief  Electrician  of  Hudson  Div.  N. 
Y.  C.  &  H.  R,  R.  R.  Co.,  Pough- 
keepsie,  N.  Y. 

Electrical  Engineer,  Fort  Wayne  Elec- 
trical Corporation,  228  Fairfield 
Ave.,  Fort  Wayne,  Ind. 

Manager,  Lawrence  Gas  Co.,  and 
Edison  Electrical  111.  Co.,  Law- 
rence, Mass. 

Electrician,  W.  R.  Fleming  &  Co.,  203 
Broadway,  New  York  City. 

General  Manager,  Buffalo  General 
Electric  Co.,  40  Court  St.,  Buffalo, 
N.  Y. 


Hutchinson, Frederick L.    Flectrical  Engineer.  Westinghouse 

Electric  and  Mfg.  Co.,  Pittsburg,  Pa. 

Idbll,  Frank  E.  Havemeyer  Building,  26Cortlandt  St., 

New  York  City. 

(20) 


April   i8,  1894 

Sept.  19,  1894 
Oct.      4,  1887 

Dec.  20,  1893 
Aug.  5,  1896 
June  27,  1895 

May   19,  1896 

Mar.    25,  1896 

Sept.  6,  1887 
Sept.  19,  1894 

Sept.  25,  1895 

June  20,  1894 
July    12   1887 


ASSOCIATE  MEMBERS 
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Ihldbk,  John  D. 
IijiiCA  Zbntaro, 


Inoold,  Eugene 

Insull,  Samuel 

Irvine,  Drew  W. 
iwadare,  kunihiko 

Jackson,  Wm.  B. 

Jackson,  Wm.  Steell 

Jaeger,  Charles  L. 
Johnston,  W.  J. 

Jones,  Arthur  W. 

Jones,  F.  R. 

Jones,  G.  H. 

Jones,  Henry  C. 

Jones,  M.  E. 

JUDSON,  Wm.  Pierson 

Kammerer,  Jacob  A. 

Kammeyer,  Carl  E. 
Keeper,  Edwin  S. 


Kkilholtz,  p.  O. 


Kbllbk,  E.  E. 


Addreit. 

Electrical  Engineer,  Otis  Electric  Co., 
Yonkers,  N.  Y. 

In  charge  of  Transformer  Testing 
Dep*t.,  Wagner  Elec.  Mfg.  Co., 
2017  Locust  St.,  St.  Louis,  Mo. 

Consulting  Engineer  and  Expert,  1669 
Second  Ave.,  Pittsburg,  Pa. 

President,  Chicago  Edison  Co.,  139 
Adams  St.,  Chicago,  III. 


[Address  unknown.] 

Electrician,  19  Second  St.,  Nakanosh- 
ima,  Japan. 

New  York  and  Slaten  Island  Electric 
Co.,  West  New  Brighton,  N.  Y. 

So.  Bell  Telephone  and  Telegraph  Co., 
Jacksonville,  Fla. 

Inventor,  May  wood,  N.  J. 

7'A^  Electrical  Worlds  253  Broadway. 
New  York  City. 

Care  of  Gibbs,  Bright  &  Co.,  Mel- 
bourne, Australia. 

Professor  of  Machine  Design,  Uni- 
versity of  Wisconsin,  Madison,  Wis. 

Agent,  General  Electric  Co.,  Casilla 
1317  D  Santiago,  Chile. 

Member  of  Firm,  the  Electric  Construc- 
tion and  Supply  Co.,  Montgomery, 
Ala. 

Contractor,  and  Student  in  Senior 
Class,  Cornell  University,  Ithaca, 
N.Y. 

U.  S.  Civil  Engineer.  Oswego,  N.  Y.; 
temporary  address,  S96  Ellicott 
Square,  Buffalo,  N.  Y. 

General  Agent,  The  Royal  Electric 
Co.,  Toronto ;  residence,  97  Mac- 
donell  Ave.,  Toronto,  Out. 

Electrical  Engineer,  Maywood  111. 

Supt.  of  Electric  Light  Construction, 
Western  Electric  Co., 5 7  Bethune  St., 
New  York   City;    residence,    Eliza- 
beth, N.  J. 

U.  S.  Electric  Power  and  Light  Co., 
Holliday  and  Centre  Sts.,  Baltimore, 
Md. 

Vice-Prest.  and  General  Manager. 
Westinghouse  Machine  Co ,  224 
Murtland  Ave.,  Pittsburg,  Pa. 


DaMof  Electloa. 
Oct.       3,  1888 

Jan.    33,  1896 
April  x8,  1894 

Dec.     7,  1886 
Sept    35,  189$ 

Sept.  20,  1893 

Aug.   13,  1897 

April  32,  1896 
Dec.   20,  1893 

April  15,  1884 

Oct.    17,  1894 

May    20,  1890 

April  17,  189s 

Mar.   20,  189$ 

Oct.    27,  1897 

June      8,  1887 

April  18,  1897 
Sept.    19,  1894 


April  x8,  1894 


Mar.  ai,  1893 


Sept.  20.  1893 


(21) 
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Name.  .  Addre«. 

Keller,  Edwin  R.,Af.£.    Mechanical  and  Electrical  Engineer, 

Falkenau  Engineering  Co.,  Ltd., 
727  Reading  Terminal,  4823  Spring- 
field Ave.,  Philadelphia,  Pa. 


Date  of  Election. 


Kellogg,  James  W.,    M.E,   General    Electric   Ca,    Lighting 

Dept.,  Schenectady,  N.  Y. 

Manufacturers*  Electric  Co.,  American 
and  Somerset  Sts.,  Philadelphia,  Pa. 


Kelly,  William  F. 
Kenan,  \V.m.  R.  Jr. 


Chemist  and  Electrical  Engineer, 
Lake  Superior  Carbide  Works, 
Sault  Ste.,  Marie,  Mich. 

Kennelly,  Arthur  E.     (Manager,)  Electrician,  Firm  of  Hous- 


Mar.  21,  1894. 

June  36,  1 891 

Mar.  24,  1897 

Jan.  20,  1897 


[Life  M  ember.  1 


Ker,  W.  Wallace 


ton&  Kennelly,  Crozer  Bldg.,  1420 
Chestnut  St.;  residence,  The  Land- 
sowne,  41st  St.  and  Elm  Ave., 
Philadelphia,  Pa. 

Instructor  of  Electricity,  Hebrew 
Technical  Institute,  36  Stuyvesant 
St.,  New  York  City.  Residence,  43 
Waverly  St..  Jersey  City,  N.  J. 


May      I,  1888 


Kirkegaard,  Georg 


King,  Vincent  C,  Jr.       With  V.  C.  &  C.  V.  King.  517  West 

St.;  residence,  no  East  i6th  Street. 
New  York. 

Kinsley,  Carl  Teacher   of    Electrical    Engineering, 

Washington  University,  St.  Louis, 
Mo. 

Mechanical  and  Electrical  Engineer, 
28  State  Street,  New  York  City  ; 
residence,  Giffords,  Staten  Island. 
N.  Y. 

Electrical  Engineer,  General  Electric 
Co.,  Schenectady,  N.  Y. 

kiTTLER.  Dr.  Erasmus     Professor  at  the  Technical  High  School, 

Darmstadt,  Germany. 

Klauder,  Rudolph  H.    Electrical     Engineer,     The  Electric 

Storage  Battery  Co.,  Philadelphia, 
Pa. 


Sept.  25,  189s 


Aug.     5,  1896' 


May    18,  1897 


KiRKLAND.  John  W, 


Klinck,  J.  Henry 
Knox,  Frank  H. 
Knox,  Geo,  W. 

Knox.  James  Mason 


Dept.  Electrical  Engineering,  Lehigh 
University.  South  Bethlehem.  Pa. 

Charleston  City  Railway  Co.,  58  Broad 
St.,  Charleston,  S.  C. 

Electrical  Engineer,  Chicago  City  Rail- 
way Co.,  2020  State  St.,  Chicago, 
III. 

Student  in  Electrical  Engineering. 
Columbia  University,  School  of 
Mines;  residence,  32  West  129th  St., 
New  York  City. 


Sept.  20,  1893 
Mar.    21,  1894 

Dec.  16,  1896 

Aug.  13,  1897 
Jan.  16,  1895 
June   20,  1894 

Nov.    18,  1896 


Kreidler.  W.  a. 


Editor  and  Publisher,  IVestem  EleC' 
trician,  510  Marquette  Building, 
Chicago,  111. 

Labouisse,  John  Peter  M.E.    40  Park  St.,  Lynn,  Mass. 
(IB) 


Jan.  17,  1894 

Oct.   4,  1887 
Aug.  5,  1896 
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Name. 

Lamb,  Richard 


Land,  Frank 
Lane,  Vance 

Lanphear,  Burton  S. 
Lanman,  William  H. 


,  Address. 

Chief  Engineer,  in  charge  business  of 
the  Lamb  Electrical  Cableways,  The 
Trenton  Iron  Co.,  No.  i  Broadway, 
New  York  City. 

The  Hamilton,  E.  Genesee  Street, 
Syracuse,  N.  Y. 

Manager  and  Superintendent  Con- 
struction. Nebraska  Telephone  Co., 
Omaha,  Neb. 

Instructor  in  Electrical  Engineering, 
Maine  State  College,  Orouo,  Me. 


Date  of  Election. 


Board  of  Patent  Control,  120  Broad- 
way, New  York  City. 

Lardner,  Henry  Ackley     Borough    of    Manhattan    Electric 

Co..  33  Gold  St.,  New  York  City. 

Larned,  Sherwood  J.  Electrical  Engineer,  Chicago  Tele- 
phone Co.,  203  Washington  St., 
Chicago,  111. 

Larrabee,  Rollin  N.       Western  Electric  Co.,  242  Jefferson  St., 

Chicago,  III. 

Latham  Harry  Milton  In  Engineering  Department.  Ameri- 
can Bell  Telephone  Co.,  42  Fams- 
worth  St.,  South  Boston,  Mass. 


LeBlanc,  Charles 


Ingenieur  en  Chef,  de  la  Compagine 
Generale  de  Traction,  24  Boulevard 
des  Capucines,  Paris,  France. 


LeClear,  Gifford,  Electrical  and   Mechanical  Engineer, 

Partner  Densmore  &  Le  Clear,  7 
Exchange  Place.  Boston,  Mass.; 
residence.  Cambridge,  Mass. 

LeConte,  Joseph  Nisbet    Instructor  in  Electrical  Engineering, 

State  University,  Berkeley,  Cal. 

Ledoux,  a.  R.,  M,  5.,  Ph.D.,  9  Cliff  St.,  New  York  City. 


Lee,  John  C. 

Lemon,  Charles, 

Lenz,  Karl 
Lenz,  Charles  Otto 
Le  PoNTOis,  Lfx>n. 
Levy,  Arthur  B. 


Chemist  and  Electrician,  American 
Bell  Telephone  Co.,  Mountfort  St., 
Longwood,  Brookline,  Mass. 

Hon.  Sec'y  for  New  Zealand  for  the 
Institution  of  Electrical  Engineers, 
Palmerston,  North,  New  Zealand. 

Draughtsman.  Brooklyn  Union  Gas 
Co.,  97  2nd  Ave.,  New  York  City. 

Electrical  Engineer,  150,  Camp  Street, 
Providence,  R.  I. 


Dec.  18,  X895 

Sept.  as,  1 89 1 

Dec.  19,  1894 

Jan.  16,  1895 

June  6,  1893 

Dec.  19,  1894 

Oct.  17,  1894 

Mar.  20,  1895 

Dec.  16,  1896 

April  17,  1895 

Oct.  27,  1897 

Feb.  27,  1895 

Dec.  7,  x886 

Mar.  [8,  1890 

Jan.  22,  1896 

May  19,  1896 

Mar.  15,  189a 


Electrical  Engineer,  The  Westinghouse 
Elec.  and  Mfg.  Co.,  Pittsburg,  Pa.       Dec.    18,  1895 


Assistant  Engineer,  Arc  Light  Dept., 
General  Electric  Co.,  Sio  Lexington 
Ave. ,  New  York  City. 

Lewis,  Henry  Frederick  W^illiam,    Redlands,  48  Sydenham 

Road,  Croydon,  Surrey,  England. 

LiBBY,  Samuel  Byinc;ton    Supt.  N.  Y.   &  S.  I.  Electric  Co., 

West  New  Brighton,  N.  Y. 

(21) 


Jan.  20,  1 891 
Mar.  5,  1889 
Feb.    23,  1898 
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Name.  Address. 

LiLLEY,  L.  G.  Electrical     Inspector.     Underwriters' 

Association  of  Cincinnati,  S.  W.  Cor. 
3d  and  Walnut  Sts.,  Cincinnati,  O.; 
residence,  Wyoming.  O. 

Electrician-in-charge,  Cataract  Con- 
struction Co. ,  Niagara  Falls,  N.  Y. 

Martin  &  Lindner,  Electrical  Engineers, 
Luning  Building.  San  Francisco, 
Cal.,  residence,  Berkeley,  Cal. 

Chief  Engineer  and  Master  Mechanic 
for  Swift  ^  Co.,  South  Omaha,  Neb. 

Engineer,  British  Thomson- Houston 
Co.,  83  Cannon  Street,  London, 
Eng. 

Electrical  and  Mechanical  Engineer, 
1376  Lexington  Ave.,  New  York 
City, 

Superintendent  of  Construction,  The 
Callender  Telephone  Exchange  Co., 
Troy,  O. 

Electrical  Engineer.  The  Callender 
Telephone  Exchange  Co.,  Troy,  O. 

Manager  of  New  York  Branch.  Queen 
&  Co.,  Inc.;  residence,  340  East 
119th  St.,  New  York  City. 

Assistant  in  Electrical  Engineering, 
Columbia  University  ;  residence, 
222  East  49th  St.,  New  York,  N.  Y. 

Editor  and  Proprietor,  Journal  of 
Eiectricity,  22  Clay  St.,  San  Fran- 
cisco, Cal. 

Electrical  Engineer,  Member  of  Firm 
of  Bullock  Electric  Co.,  St.  Paul 
Bldg.,  New  York  City. 

With  Western  Electric  Co.,  57  Bethune 
St.,  New  York  City. 

Electrical  Enp^neer,  Interior  Conduit 
and  Insulation  Co.,  527  W.  34th  St., 
New  York;  residence,  47  Brevoort 
PI.,  Brooklyn,  N.  Y. 

LuQUER,  Thatcher,  T.  P.     New    York    Telephone    Co.,     18 

Cortlandt   St.,   residence,    Bedford, 
N.  Y. 

Lyman,  Chester  Wolcott.  M.  A.     Manager  Herkimer  Paper, 

Co.,  Herkimer,  N.  Y. 


Date  of  Eleotkm. 


Lincoln,  Paul  M. 
Lindner,  Chas.  T. 

Lindsay,  Wm.  E. 
Little.  C.  W.  G. 

Loewbnherz,  Herman 

LoRiMER,  Geo.  Wm. 

Lorimer,  James  Hoyt 
Louis,  Otto  T. 

LovEjoY,  D.  R. 

Low,  George  P. 

LoziER,  Robert  T.  E. 

Ludlam,  Harry  W. 
LuNDELL,  Robert 


June   30,  1894 
Sept.  as,  189s 

Dec.    ao,  1895 
April  17,  189s 

April  2B,  1896 

Feb.    37,  1895 

Aug.     5,  1896 
Aug.     5,  1896 

Feb.    23,  1898 

April  28,  1897 

Jan.    17,  1893 

May    20,  1890 
Dec.    18,  1895 


Lyman,  James 

[Life  Member.] 

Maccoun,  Ellicott 


839  Union  Street,  Schenectady,  N.  Y. 


Feb.     7,  1890 


June  26,  1 891 

Sept.  x9,  1894 
Sept.  19,  1894 


Supt.    of  the  Electrical    Dep't.,  The 
Carnegie  Steel  Co.,  Braddock,  Pa.       Nov.   ao,  1895 


MacCulloch,  Robert  C.     Manager,  Jos.  I^ough  Electric  Co., 

503   Fifth  Ave.;  residence,  209  W. 
8 1  St  St.,  New  York  City. 

MacFadden,  Carl  K.       Electrical  Engineer,  Gas  Engine  Dep't 

Western  Gas  Construction  Co.,  Fort 
Wayne,  Ind. 

(20) 


Feb.   27,  189s 


Sept.  27,  189a 
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Name.  Addreu. 

MacGrsgob,  Willard  H.     With  Ward  Leonard  Electric  Co., 

Hoboken,  N.  J.:  reiidence,  359  W. 
27th  St.,  New  York  City. 


Mackie,  C.  p. 
Mackintosh,  Fred'k. 

MacLeod,  George 


30  Broad  St.,  New  York  City ;  resi- 
dence, Eng^lewood,  N.  J. 

Electrical  Enj^ineer,  General  Electric 
Co.;  residence.  225  Union  St., 
Schenectady,  N.  Y. 

Superintendent  and  Engineer,  Ken- 
tucky and  Indiana  Brid{|^e  Co.,  29th 
and  Hifi;h  Sts.,  Louisville  Ky. ;  resi- 
dence. New  Albany,  Ind. 


MacMullan,  Robert  Heath,  Lafayette,  Ind. 
Madden,  Oscar  E.  [Address  unknown.] 


Electrical  Engineer,  Director,  der 
Union  Elektricitats  Gesellschaft, 
Comeliusstr  i.,  Berlin,  W.  Germany. 

Chief  Engineer,  Kioto  Traction  Co., 
Suyemaracho  Dotemachi  Maruta- 
machisagaro,  Kioto,  Japan. 

Electrician,  Armour  &  Co.,  5316 
Union  Ave.,  Chicago,  111. 

[Address  unknown.] 

[Address  unknown.] 

Electrical  Engineer,  c/o  Appert  Glass 
Co.,  Port  Alleghany.  Pa. 

[Address  Unknown.] 


Magee,  Louis  J. 
Maki,  Heiichir 

Malia,  James  P. 

Mann,  Francis  P. 

Manson,  JA8.  W. 
Martin,  Frank 

Martin,  Jambs  A. 

Martin,  T.  Commerford  (Past-PresUeMt.)    Editor,   The  EUc- 

tfical  Engineer^   120  Liberty  Street, 
New  York  City. 


Mason,  James  H. 


Electrical     Expert,    10    Fifth    Ave., 
Brooklyn,  N.  Y. 


Mather,  Eugene  Holmes    Central     Railway     and     Electric 

Company,  New  Britain,  Conn. 

Matthews,  Charles  P.  Associate  Professor.  Electrical  En- 
gineering, Purdue  University,  Lafa- 
yette, Ind. 


Maxwell,  Eugene 
Mauro,  Philip 

Mayer,  Maxwell  M. 


225  N.  Wasatch  St.,  Colorado  Springs, 
Col. 

Counsellor  at- Law  in  Patent  Causes 
(Pollock  &  Mauro),  620  F.  St., 
Washington,  D.  C. 

Mfr.  of  Plating  Dynamos,  2d  Ave.  and 
12 1st  St.:  residence  433  East  ii6th 
St.,  New  York  City. 


Date  of  KUctioa. 

I 

Jan.  20,  1897 
Mar.  21,  it9$ 

Mar.  25,  1896 


Mayrhofer.  Jos.  Carl    Electrical  Engineer,  165  W.  82d  St., 

New  York  City. 

(ai) 


Aug.  5,  1896 
Sept.  22,  1 891 
April  15,  1884 

April    2,  1889 

Aug.     5.  1896 

June  90,  1894 
June     6,  189s 

Mar.  2$,  1896 

Oct.  21,  1890 
May    19,  1896 

April  IS,  1884 
May    19,  1891 

April  28,  1897 

May  16,  189$ 
Aug.     5,  1896 

Dec.   21,  1892 

Feb.  27,  1895 
June   20,  1894 
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Name. 

McBride,  Jamrs 


McCarthy,  E.  D. 


McCluer,  Chas.  p. 
McClurg,  W.  a. 

McElroy,  James  F. 

McKay,  C.  R. 
McKiBBiN,  Georgb  N. 

McKissiCK,  A.  F. 

McKae.  Austin  Lee 


Address. 

Superintendent,  N.  Y.  &  Boston  Dye 
Wood  Co.,  146  Kent  St.,  Brooklyn, 

N.  Y. 

Electrical  Engineer,  The  F.  P.  Little 
Electric  Construction  and  Supply 
Co.,  135  Seneca  St.;  residence,  451 
14th  Street,  Buffalo,  N.  Y. 

District  Inspector,  So.  Bell  Tel.  and 
Tel.  Co.,  Richmond,  Va. 

Manager,  Electrical  Dept.,  Plainfield 
Gas  and  Electric  Light  Co.,  207 
Madison  Ave.,  Plainfield,  N.  J. 

Mechanical  Supt.,  The  Consolidated 
Car  Heating  Co.,  131  Lake  Ave., 
Albany,  N.  Y. 

Consulting  Engineer,  140  South  Main 
St.,  Salt  Lake  City,  Utah. 

Reed  &  McKibbin,  General  Street 
Railway  Contractors,  30  Broad  St., 
New  York  City. 

Professor  of  Electrical  Engineering, 
The  A.  &  M.  College  of  Ala., 
Auburn,  Ala. 

Consulting  Electrical  Engineer,  306 
Oriel  Bldg  ,  St.  Louis,  Mo. 


Date  of  Electioa. 


Sept.  27,  1899 


Nov.  18,  1896 

Apr.  22|  1896 

Dec.  20,  1893 

Nov.  15,  1892 

Dec.  20,  1893 

June  8,  1887 

Feb.  16,  1892 

May  17,  1892 


Meadows,  Harold  Gregory    Associate  Engineer  (Elec.)  with 

Newcomb  Carlton,  109  White  Build- 
ing ;  residence,  1 14  West  Chippewa 
St.,  Buffalo,  N.  Y. 


Medina,  Frank  P. 

Meredith,  Wynn 
Merrill,  E.  A. 

Merrill,  Josiah  L. 
Merritt,  Ernest 

Merz,  Chas.  H. 


Electrician,  Pacific  Postal  Telegraph 
Co.,  534  Market  St.,  San  Francisco, 
Cal. 

Electrical  Engineer,  Hasson  &  Hunt. 
310  Pine  St.,  San  Francisco,  Cal. 

Electrical  Engineer,  Macintosh  and 
Seymour,  26  Cortlandt  St.,  New 
York  City. 

Electrical  Engineer,  St.  Johnsbury,  Vt. 

Assistant  Professor  in  Physics,  Cornell 
University,  Ithaca,  N,  Y. 

British  Thomson-Houston  Ltd..  38 
Parliament  St.,  London,  S.W.:  resi- 
dence, The  Quarries,  Newcastlc-on- 
Tync,  England. 

Consulting  Engineer,  55  Broadway, 
New  York  City. 

Middlemiss,  p.  R.,  M,  E,     Electrical  Engineer,  General  Electric 

Co.,  Box  588,  Schenectady,  N.  Y. 

Miller,  Wm.  C,  M,  S.     Electrical   Engineer,    3   South    Hawk 

St.,  Albany,  N.  Y. 

Miner,  Willard  M.  Electrician  and    Inventor,   428    East 

Sixth  St.,  Plainfield,  N.  J. 

(20) 


Sept.  23,  1896 

Sept.  19,  1894 
Jan.  17,  189+ 

Sept.  20,  1895 
Sept.  25,  1895 

Sept.  16,  1890 


Meyer,  Julius 


Sept.  25,  1895 
Oct.  25,  189a 
Mar.  20,  1895 
Oct.  21,  1890 
July    12,  1887 
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Name.  Address. 

Mitchell,  Sidney  Z.       Manager.    Oregon,    Washington  and 

Idaho  Agency,  General  Electric  Co., 
Fleischner  Building,  Portland.  Ore. 

Mole,  Harvey  Edward  Ass't  in    Engineering  Dept.  J.   G 

White  &  Co.,  2Q  Broadway;  resi- 
dence, 320  West  58th  St.,  New 
York  City. 


Moore,  Wm.  E. 
Monell,  Joseph  T. 
MOiNTAGUE,  Ralph  L. 


General  Superintendent,  The  Augusta 
&E1 


Railway  s.  Electric  Co. ,  Augusta,  Ga. 

Consulting    Electrical    Engineer,   236 
W   22d  St.,  New  York  City. 

Chief  of  Electrical  Department,   The 
Gold  Dredging  Co.,  Bannack,  Mont. 

Mora,  Mariano  Luis     General    Electric   Co.,    44  Broad  St., 

New  York  City. 

Mordey,  Wm.  Morris  Electrician,  Brush  Electrical  Engineer- 
ing Co. ,  Princes  Mansions,  Victoria 
St.,  Westminster,  London,  Eng. 


Morgan,  Chas.  H. 
Morgan,  Jacque  L. 

Morehouse,  H.  H. 


MoRLEY,  Edgar  L. 

Morrison,  J.  Frank 
Morse,  George  H. 

Morss,  Everett 
Mortland,  James  A. 


Southern  Bell  Telephone  and  Telegraph 
Co.,  Richmond,  Va. 

Electrical  Inspector,  Karsas  City  Fire 
Dep't. ;  residence,  1702  Locust  St., 
Kansas  City,  Mo. 

Morehouse  and  Morrell,  General 
Electric  Installation  and  Contract- 
ing Work,  Apartado,  No  44,  Quez- 
altenango,  Guatemala,  C.  A. 

Sup*t  Hat7.el  &  Buehler,  114  5th  Ave., 
New  York  City. 

15  South  St.,  Baltimore,  Md. 

Wagner  Electric  Mfg.  Co.  St.  Louis, 
Mo. 

Vice-President,  Simplex  Electric  Co., 
303  Marlboro  St.,  Boston,  Mass. 


Prof,  of  Physics,  Faculty  State  Normal 
School,  2502  Walnut  St.,  Cedar 
Falls,  Iowa. 

Morton,  Henry,  Ph.D.  President  of  Stevens  Institute  of  Tech- 
nology, Hoboken,  N.  J. 

Moses,  Dr.  Otto  A.  Electrician,    1037    Fifth   Ave.,  [New 

York  City. 

Moses,  Percival  Robert,  E,  E.  Electrical  Engineer,  and  Con- 
tractor, 35  Nassau  St.:  residence, 
46  West  97th  St.,  New  York  City. 

MosMAN,  Chas.  T.  Power  and  Mining  Engineering  Dep't.. 

General  Electric  Co.;  residence,  406 
Union  St.,  Schenectady,  N.  Y. 

Mosscrop,  Wm.  A.,  il/.i?    Electrical    Engineer,    189   Montague 

St.,  Brooklyn,  N.  Y. 

Cedar  Falls,  Iowa. 

Secretary  and  Treasurer,  Electrical  In- 
stallation Co.,  917  Monadnock  Build- 
ing, Chicago,  111. 


MuNNS,  Chas.  K. 
Myers,  L.  E. 


Neilson,  John 
(23) 


Sup't.  of  Interior  Wiring  Department, 
Larchmont  Electric  Co.,  Larchmont, 

N.  Y. 


Date  of  Electioo. 

Nov.  12,  188^ 

Nov.  30,  1897 

Jan.  22,  1896 

Oct.'  27,  1891 

Feb:  26,  1896 

Mar.  20,  1895 

Sept.  22,  1891 

Aug.  5,  1896 

Jan.  26,  1898 


Feb.  21,  1894 

Sept.  25,  1895 
April  15,  1884 

May  1$,  1894 

Sept.  22,  1891 

Feb.  23,  1898 
May  24,  1887 
May  17,  1887 

Dec.  19,  1894 

Mar.  20,  1895 

May  7,  1889 
Nov.  21,  1894 

Sept.  19,  1894 
May  18,  1897 
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Name. 

Newbury,  F.  J. 


Addr« 


Manager  Insulated  Wire  Department, 
John  A.  Roebling's  Sons  Co., 
Trenton,  N.J. 

Nicholson,  Waltbr  W.    General  Supt.  Central   N.  Y.  Tele 

phone    and    Telegraph  Co.,   Tele- 
phone Building,  Syracuse,  N.  Y. 

Assistant  Electrician,  R.  Altman  & 
Co.; residence,  175' 3rd  Ave.  New 
York. 


NiMis,  Albert  A. 


Nock,  Geo.  W. 


Chief  Engineer,  in  charge  of  Steam  and 
Electric  Plant  Westinghouse  Elect, 
and  Mfg.  Co.,  Pittsburg,  Pa. 

With  Card  Electric  Motor  and  Dynamo 
Co.,  622-3  Western  Union  Building, 
Chicago,  III. 

Contracting  Electrical  Engineer,  504 
Townsend  St.,  Syracuse,  N.  Y. 

NuNN.  Richard  J.,  Af,D.  Physician,  iiQi  York  St.,  Savannah, 

Ga. 


Norton,  Elbert  F. 


KoxoN,  C.  Per  Lee 


Nyhan,  J.  T. 


Superintendent  and  Electrician,  Macon 
and  Indian  Spring  Electric  Railway, 
Macon,  Ga. 

Electrical  Engineer,  65  Madison  Ave., 
Jersey  City,  N.  J. 

Olan,  Theodor,  J.  W.      Civil  and  Electrical  Engineer,  68  West 

49th  St.,  New  York  City. 


OCKERSHAUSEN,  H.  A. 


Olivetti,  Camillo 
Ormsbee,  Alex.  F. 


Ingegnerellndustriale,  Ivrea,  Italy. 

Electrical    Engineer;    residence,    183 
Joralemon  St.,  Brooklyn,  N.  Y. 

Osborne,  Loyall  Allen  Assistant  to  2nd  Vice-President  West- 
inghouse Electric  and  Mfg.  Co., 
Pittsburg,  Pa. 

Osterberg,  Max,  E,E,^A.M,  Consulting  Engineer,  and  Elec- 
trical Expert,  Bowling  Green  Build- 
ing, New  York  City. 


•O'SULLIVAN,  M.  J. 

Otten,  Dr.  Jan  D. 

Page,  A.  D. 
Parcelle,  Albert  L. 
Parker,  Herschel  C. 


Superintendent,  Electric  Light,  B.  &  O. 
R.  K.  Co.,  154  Keen  Street,  Zancs- 
ville,  O. 

Director,    Batavia  Electrische   Tram- 
Maatschappij.    Van   Baerlstraat  80, 
Amsterdam,  Holland. 

Assistant  Manager,  General  Electric 
Co.  Lamp  Works,  Harrison,  N.  J. 

Electrician  and  Inventor,  157  Wash- 
ington St.,  Boston,  Mass. 

Tutor  in  Physics,  Columbia  University, 
21  Fort  Green  PI.,  Brooklyn,  N.  Y. 


Parmly  C.  Howard,  S,M,,  E,E,     College  of  the  City  of  New 

York,  17  Lexington  Ave.;  residence, 
344  W.  29th  St.,  New  York  City. 

(20) 


Date  of  KUctioo. 
Sept.  23,  1896 

May  15,  1894 

Aug.  13,  1897 

Aug.   5.  1896 

Dec.  20,  1895 
Oct.  17,  1894 
July  12.  1887 

Feb.  27,  189s 

Sept.  6,  1887 

May  16,  189$ 
Oct.  17,  1894 

June  27,  189s 

Oct.  18,  189s 

Jan.  17,  1894 

Mar.  20,  189s 

Nov.  18,  1890 
Jan.  19,  1892 

Dec.  16,  1891 

April  19,  1892 

Feb.  21,  1893 
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Name. 

Parry,  Evan 


Address. 

Engineer,  The  British  Thomson -Hous- 
ton Ltd.,  Sunningdale,  Fitzgerald 
Ave.,  Barnes,  London,  Eng. 


Parsell,  Henry  V.,  Jr.    31  E.  21st  St.,  New  York  City. 


Patton,  Price  I. 


Peck,  Edward  F. 


Peckham,  W.  C. 


Sheble  &  Patton.  Ltd.,  T026  Filbert  St.; 
residence,  The  Bartram,  33d  and 
Chestnut  St.,  Philadelphia,  Pa.- 

15  Cortlandt  Street,  New  York  City  ; 
residence,  825  Park  Place,  Brooklyn, 
N.  Y. 


Prof,  of  Physics,  Adelphi  College, 
Brooklyn  ;  residence,  406  Classon 
Ave..  Brooklyn,  N.  Y. 

Pedbrsen,  Frederick  Malling  Assistant  Electrical  Engineer, 

Crocker-Wheeler  Electric  Co.,  39 
Cortlandt  St. ;  residence,  39  Wash- 
ington Square,   New  York  City. 

Peirce,  Arthur  W.  K.     Simmer  and  Jack  Gold  Mining  Co., 

Johannesburg,  S.  A.  R. 

Electrical  Engineer  and  Contractor, 
774  Prospect  Ave.,  Buffalo,  N.  Y. 


Date  of  Election. 

Sept.    25,  189s 
Nov.    12,  1889 

Mar.  20,  189s 
May    20,  1890 

Nov.   30,  i8q7 


Perkins,  Frank  C. 
Petty,  Walter  M. 
Pfund,  Richard 
Phelps,  Wm.  J. 

Philbrick,  B.  W. 

Phillips,  Eugene  F. 
Phillips,  Leo  A. 


Superintendent  Fire  Alarm  Telegraph, 
Rutherford,  N.  J. 

With  Western  Union  Telegraph  Co., 
195  Broadway,  New  York  City. 

Electrical  Engineer  and  Contractor, 
Monadnock  Bldg..  Chicago ;  resi- 
dence, Elmwood.  Ill 

Electrician,  in  charge  of  Electrical 
Plant.  Hon.  Levi  F.  Morton,  Rhine- 
cliff,  N.  Y. 

President,  American  Electrical  Works, 
Phillipsdale,    R.  L 

Superintendent,  Flushing  Electric 
Light  and  Power  Co.,  So  Lawrence 
St..  Flushing,  N.  Y. 

Phisterer,  Fred'k  William   Stanley  Electric  Mfg.  Co.,   Pitts- 
field,  Mass. 


Pillsbury,  Chas.  L. 

PiNKERix)N,  Andrew 
Plumb,  Charles 

Poole,  Cecil  P. 


City  Electrical  Inspector,  City  Hall : 
residence,  1109  Hawthorne  Ave., 
Minneapolis,  Minn. 

Electrical  Engineer,  The  Apollo  Iron 
and  Steel  Co..  Apollo,  Pa. 

Proprietor  and  Electrician,  The  Chas. 
Plumb  Electrical  Works,  70  West 
Swan  St.,  Buffalo,  N.  Y. 


58  New  Street;  residence,  206  W.  8oth 
St.,  New  York  City. 

Pope,  Ralph  Wainwright    Secretary  to  the  American  Institute 

of  Electrical  Engineers,  26  Cortlandt 
St.,  (Telephone,  2199  Cortlandt). 
New  York  City ;  residence,  570 
Cherry  St.,  Elizabeth,  N.J. 

(20) 


Sept.  20,  1893 

June  27, 1895 

Oct.  21,  1890 

May  16,  189s 
April  18,  1893 

Mar.  25,  1896 

May  15,  1894 

July  13,  1889 

Mar.  21,  1894 

Nov.  20,  1895 

Aug.  13,  1897 

Sept.  25,  189s 

June  20,  1894 

Jan.  3,  1888 


June  2,  1885 


\ 
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Name.  Address. 

Porter,  H.  Hobart,  Jr.   Agent,  Westinghouse  Elec.  and  Mfg. 

Co.,  I20  Broadway,  New  York;  resi- 
dence, Lawrence,  L.  1. 

Potter,  Henry  Noel       [Address  unknown.] 

Powell,  Percy  Howard  Construction  Dep't.  New  York  Tele- 
phone Co.,  1 8  Cortlandt  St.,  New 
York  City  ;  residence,  Hempstead, 
N.  Y. 

Editor  the  Electrical  Review^  Times 
Building,  New  York  City;  residence, 
223  Garfield  Place,  Brooklyn,  N.  Y. 

Electricial  Engineer,  Carbide  Works. 
Niagara  Falls,  N.  Y. 

868  Flatbush  Ave.,  (Flatbush  Station), 
Brooklyn,  N.  Y. 

Electrician,  Cicero  Water.  Gas  and 
Electric  Light  Co.,  Oak  Park,  111. 

General  Manager,  Riker  Electric  Motor 
Co.,  Brooklyn;  residence,  Newtown, 
L.  L,  N.  Y. 

Electrician,  Baltimore  Copper  Smel- 
ting and  Refining  Co..  Keyser  Bldg. ; 
residence.  1222  Madison  Avenue, 
Baltimore.  Md. 

PUPIN,  Dr.  Michael  L     (  Vice-President)  Adjunct  Professor  in 

Mechanics,  Columbia  University  ; 
residence,  7  Highland  Place,  Yonkers 
N.  Y. 

10  N.  Church  St.,  Schenectady,  N  Y. 

Columbia  Incandescent  Lamp  Co., 
1912  Olive  St.,  St.  Louis,  Mo. 

Professor  of  Mechanical  Engineering, 
Blacksburg,  Ya. 

Electrical  Engineer.  Allg.  Electricitats 
Gesellschaft,  Berlin,  Germany. 


Price,  Chas.  W. 

Price,  Edgar  F, 

Prince,  J.  Lloyd 

Privat,  Louis 
Proctor,  Thos.  L. 

Prosser,  Herman  A. 


Ralston,  Louis  C. 
Randall,  John  E. 


Randolph,  L.  S. 
Rathenau,  Erich 

Ray,  William  D. 

Read,  Robert  H. 
Redman,  Geo.  A. 

Reed,  Chas.  J. 
Reed,  Harry  D. 


Reed,  Henry  A. 


Reid,  Edwin  S. 


(21) 


General  Manager  Everett  Railway  and 
Electric  Co.,  Everett,  Washington. 

Patent  Attorney.  44  Broad  St.,  New 
York  City. 

General  Supt.,  Electric  Dept.,  Brush 
Elec.  Light  Co.,  and  Rochester  Gas 
and  Elec.  Co.,  Rochester,  N.  Y. 

Electrician.  3313  N.  i6th  St.,  Phila- 
delphia, Pa. 

Electrician,  Bishop  Gutla  Fercha  Co., 
420  East  25th  St.,  New  York  City; 
residence,  88  North  gth  St.,  New- 
ark, N.  J, 

Secretary  and  Manager,  Bishop  Gutta- 
percha Co.,  422  East  25th  St.,  New 
York  City;  residence,  88  North  9th 
St.,  Newark,  N.  J. 

General  Sup'i  of  Construction,  National 
Underground  Cable  Co  ,  17  Times 
Building;   residence,    116   W.    nth 
.St..  New  York  City 


Date  of  Eiectioa. 

Mar.  25,  1896 
Sept.  19,  1894 

Sept.  25,  1895 

Sept  19,  1894 

June  27,  1895 

Feb.  27,  1895 

Dec.  19,  189.^ 

April  18,  1894 

Jan.  26,  1898 

Mar.  18,  1890 
April  28,  1897 

May   7,  18S9 

Feb.  21,  1893 
Nov.  20,  1895 

Sept.  27,  1892 

Jan.  19,  1892 

Feb.  27,  1895 
Mar.   5.  1889 


Sept.  19,  1894 


June  4,  1889 


Feb.  26,  1896 
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Name.  Address  Date  of  Election. 

Rkid,  Thorburn  Consulting  Electrical    Engineer,    lao 

Liberty  St.»  New  York  City.  Oct.    2i,  1890 

Reilly,  John  C.  General  Supt.,  N.  Y.  &  N.  J.  Tel.  Co., 

16  Smith  St.,  Brooklyn,  N.  Y.  April  15,  1884 

Rennard,  John  Clifford,  A,  B,  E.  E.  Consulting  and  Super- 
vising Electrical  Engineer,  15  Dey 
St.,  New  York  City.  Jan.    16,  1895 

Requiei^,  a.  Marcel        Electrical     Engineer,     Westinghouse 

Electric  Co.,  (I/t'd.)  32  Victoria  St., 
London,  S.  W.  Eng.  Dec.    20,  1893 

Rhodes,  S.  Arthur  Electrician,  Chief  Testing  Department, 

Chicago  I'elephone  Co ,  Chicago, 
111. ;  residence,  429  North  Pine  Ave., 
Austin,  III.  Oct.     17,  1894 

Rice,  Arthur  L.  Professor  of  Steam  and  Electrical  En- 

gineering, Pratt  Institute,  Brooklyn, 
N.  Y.  Oct.    21,  X896 

Rich,  Francis  Arthur    Consulting    Mining    and    Electrical 

Engineer,  314  Victoria  Arcade, 
Auckland,  New  Zealand.  Jan.  20,  1897 

Richards,  Chas.  W.         C.  W.  Richards  &  Co.,  64  Federal  St , 

Boston  ;  residence,  Needham,  Mass.     Sept.  23,  1896 

Richardson,  Robert  E.  Electrical  Engineer,  Fierce  &  Richard- 
son. 1409  Manhattan  Building;  resi' 
dence,  3622  Calumet  Ave  ,  Chicago, 
111.  Sept.  19,  1894 

RiCHEY,  Albert  S.  Electrician,   Citizens*  Street   Railway 

Co.,  403  W.  Adams  Street,  Munde, 
Ind.  May     18.  1897 

RiCKER,  Charlks  W.  Expert  Electrical  Engineer,  184  Cleve- 
land Ave.,  Buffalo.  N.  Y.  May    15,  1894 

Rideout,  Alexander  C.  LL,  />.,     Consulting    Electrical    and 

Mechanical  Engineer,  101  Randolph 
St.,  Chicago,  111.  Aug.      5,  1896 

Ridley,  A.  E.  Brooke     Agent.  Electrical  Engineer,  Siemens  & 

Halske  Electric  Co.,  10  Front  St., 
San  Francisco,  Cal.  Nov.   21,  1894 

Ripley,  Wm.  Howe  605    Lexington   Avenue,    New    York 

City.  Feb.    17,  1897 

RiTTENHOUSE,  Chas.  T.    247  W.  138th  St ,  New  York  City.  Feb.    21,  1894 

RoBERSON,  Oliver  R.        Electrician,  Western  Union  Telegraph 

Co.,  195  Broadway,  P.  O.  Box  856, 
New  York  City.  Dec.   20,  1893 

Robinson,  Almon  Draughtsman,   Expert  in  Methods  of 

Gearing,  Webster  Road,  P.  O.  Box 
943.  Lewiston.  Me.  Sept.     6,  1887 

Robinson,  Dwight  Parker    Manager,     Edison     Illuminating 

Co.,  15  .South  St.,  Baltimore.  Md.        Sept.  25,  1895 

Robinson,  Francis  G.      With   Brooklyn  Heights    R.  R.   Co. ; 

residence,  156  Macon  St.,  Brooklyn. 
N.  Y.  Nov.  21,  1894 

(19) 
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Name.  Address. 

Rodman,  Samusl,  Jr.       (Late  ist  Lieut.,  2nd  U.  S.  Artillery), 

Electrician  and  Expert  in  High  Ex- 
plosives. Room  io6,  Pullman,  Bldg., 
Chicago,  III. 

RoEBLiNG,  Ferdinand  W.  Manufacturer   of    Electrical    Wires 

and  Cables,  Trenton,  N.  J. 

Roller,  Frank  W.  M,E,  Electrical  Engineer,  Machado  &  Roller, 

Electrical  Machinery,  203  Broadway, 
N.  Y.;  residence,  Cranford,  N.  J. 

Roper,  Denney  W.  Edison  Illuminating  Co.  of  St.  Louis, 

Mo.,  Alton,  111. 


Date  of  ElectioDk. 


Rosa.  Edward  B. 


Professor  of  Physics.  Wesleyan  Uni- 
versity, Middletown,  Conn. 


RosEBRUGH,  Thomas  Reeve  Lecturer  in  Electrical  Engineering, 

School  of  Practical  Science,  Toronto, 
Ont. 

RosENBAUM,  Wm.  A.  Electrical  Expert  and  Patent  Solicitor, 

177    Times    Building,    New    York 
City. 

Rosenberg,  E.  M.,  M.  E,  Residence,  138  W.  85th  St.,  New  York 

City. 

Ross,  Tayix>r  William    Second    Assistant    Engineer,    U.   S. 

Revenue  Cutter    Service,    Revenue 
Cutter  'Terry,"   Astoria,  Or. 

Rowland,  Arthur  John     Professor  of  Electrical  Engineeriug, 

Drexel    Institute;    residence,    3220 
Spencer  Terrace,  Philadelphia,  Pa. 


Rowland,  Henry  A. 
RoYCE,  FredW. 

RusHMORE,  David  B. 


Professor  of  Physics,  Johns  Hopkins 
University,  Baltimore,  Md. 

Electrician  and  Patent  Solicitor,  1423 
New  York  Ave.,  Washington, 
D.  C. 

Foreman,  Testing  Dep't  Royal  Elec- 
tric Co.,  Montreal,  P.  Q. 


Rutherford,  Walter      Manager  Electric  Traction  Dep't.  Dick 

Kerr  &  Co.,  Ltd.,  London  E.  C, 
England. 

Assistant  Chief  Draughtsman,  Chicago 
Telephone  Co.,  residence  3739 
Ellis  Ave.,  Chicago,  111. 


Sackett,  Ward  M. 


Sage,  Henry  Judson 


Sage  &   Co.,     Electrical     Engineers, 
Rochester,  Pa. 


Sahulka,  Dr.  Johann      Docent  of  Electrotechnics,  Technische 

Hochschule.  Vienna,  Austria 

Sanborn,  Francis  N.        Torrington,  Conn. 

Sanderson,  Edwin  N.       Of  Sanderson  &  Porter,  Engineers  and 

Contractors,     120   Broadway,    New 
York  City. 

Sargent,  Howard  R.       Electrical  Engineer,  General  Electric 

Co.;   residence,   242   Union  Street, 
Schenectady,  N,  Y. 

(20) 


Sept.  x6,  1890 

June  8,  1887 

May  ^i,  1895 

June  6,  1895 

Feb.  17,  1897 

June  26,  1 89 1 

Jan.  3,  1889 

Oct.  ai,  1890 

Mar.  25,  1896 

Sept.  19,  1894 

Mar.  21,  1894 

April  15,  1884 

Sept.  2s,  189s 

Sept.  22,  1891 

Oct.  17,  1894 

Dec.  20,  1893 

Dec.  20,  1893 

Nov.  24,  1891 

Oct.  17,  1894 

Mar.  25,  1896 
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Sawyer,  Frei>.  W. 
Saxei.by,  Frederick 

ScHEiBLE,  Albert 

ScHLossER,  Fred.  G. 


ScnuM,  CiiAS.  II. 
Schwab,  Martin  C. 

SCHWABE,  WaLIER  1*. 

SciDMoRE.  Frank  L. 

Scott,  James  B. 
Sc<JTT,  \Vm.  M. 


Name.  Address. 

Satiierbrrg,  Carl  Huuu    Chief  Engineer.  The  Midvale  Steel 

Co.,  Nicetown.  Phila.,  Pa. ;  residence 
1752  N.  26th  St.,  Philadelphia,  Pa. 

68  Mount  Vernon  St.,  Fitchburg.  Mass. 

Electrical  Engineer,  288  Summer  Ave., 
Newark,  N.  J. 

Manager  for  George  Cutter,  851  The 
Rookery,  Chicago,  111. 

Superintendent  of  Electric  Dept  ,  I^- 
clede  Gas  Light  Co.,  411  N.  nth 
St.  I^uis,  Mo. 

ScHRKiiKK,  IIeinr.  C,  £.    Counsellor  and  Attorney,   20  Nassau 

St ,  New  York  City. 

Electrical  Engineer.  Ideal  Electric 
Corp.,  216  Third  Ave.,  New  York 
City. 

1729  Madison  Ave.,  Baltimore,  Md. 

Fllectrician,  Rutherford.  Roiling 
Springs  and  Carlstadt  Electric  Co. , 
Carlstadt,  N.  J. 

With  N.  Y.  C.  &  II.  R.  R.  R.  Co., 
ofiice  of  A.  F.  A.:  residence,  2059 
Anthony  Ave.,  New  York  City. 

Electrical  and  Mechanical  F2ngineer. 
227  East  German  St.,  Baltimore  Md. 

Electrical  Engineer.  The  Cutter  Elec- 
trical and  Mfg.  Co..  11 12  Sansom 
St.,  Philadelphia.  Pa.;  residence, 
108  West  Johnson  St  ,  (Jerman- 
town,   Pa. 

Consulting.  Mechanical,  and  Electrical 
Engineer,  Denver  Engineering 
Works,  Denver,  Col.  • 

Engineering  Dept.,  P'orl  Wayne  Elec- 
tric Corporation,  Fort  Wayne,  Ind. 

Agent  at  San  Francisco  Ofiice,  General 
Electric  Co  .  15  First  St.;  residence, 
Berkeley,  Cal. 

A.  B.  See  Manufacturing  Co.,  116 
Front  St.;  residence,  107  East  19th 
St  ,  (Flatbush),  Brooklyn,  N.  Y. 

Electrical  F^ngineer  and  Contractor, 
121  Liberty  St.,  New  York  City. 

Consulting  and  Constructing  Engineer, 
6  Northampton  St.,  Wilkes- Barre.  Pa. 

Mechanical  and  Electrical  Engineer, 
99  Cedar  St.,  New  York  City;  resi- 
dence, Plainfield,  N.  J. 

With  Fort  Wayne  Electric  Corpora- 
tion, 17  Federal  St.,  Boston,  Mass. 

Supt.  and  Electrician.  F'lectric  Light- 
ing Co.  of  Mobile,  Box,  234, 
Mobile,  Ala. 

136  Liberty  St.,  New  York  City. 

Instructor,  Department  of  Physics, 
Cornell  University,  122  University 
Ave.,  Ithaca.  N.  Y. 


Searim;.  Lewis 

Skarles.  \.  L. 
Ski)(;wick.  C.  E 

See.  a.  B. 

Seely, J.  A. 
Seitzinger,  Harry  M. 
Serrell,  Lemuel  W.m. 

Serva,  a.  a 
Smafkner,  S.  C. 

Shain,  Charles  D. 
Sharp,  Clayton  II. 

(23) 


Date  of  Election. 

Aug.  5,  1896 

June  27,  1895 

June  5,  1888 

June  20,  1894 

Sept.  22,  1891 

Jan.  17,  1893 

Feb.  23,  1898 

Nov.  18,  1896 

May  19,  i8(/6 

Dec.  18,  1895 

Aug.  5,  1896 


June   23.  1897 

April  3,  1888 
April  18,  1894 

F'eb.   23,  1898 

Jan.  17,  1893 
April  15,  1884 
Sept.  20,  1893 

Nov.  I,  1887 
Dec.  20,  1893 

Aug.  13,  1897 
June  7,  189a 

May  15.  1894 
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ASaOOIATE  MEMBERS 


Name.  Address. 

Sharpe,  E.  C.  Consultinj;  Electrical  Engineer,  524  S. 

Broadway,  Los  Angeles,  Cal. 

Shaw,  Howard  Burton  Assistant  Professor  Electrical  Engi- 
neering, Missouri  State  University, 
Columbia,  Mo. 

531  State  St.,  Madison,  Wise. 


Shedd,  John  C. 
Sherhy,  Robert  J. 

Shields.  W.  J. 
Shock,  Thos.  A.  W. 


President,  Sheehy  Automatic  Railroad 
Signal  Co.,  122  Pearl  St.,  Boston, 
Mass. 

Consulting  Engineer,  New  Wilming- 
ton, i'a. 

Gen'l  Sup't  Portland  General  Electric 
Co.,  Portland,  Or. 

Shonnard,  Harold  W.    [Address  unknown.  1 

Simpson,  Alexander  B.  Estimating  Engineer,  Western  Elec- 
tric Co.,  N.  Y.  City  ;  residence,  164 
7th  Ave.,  Whitestone,  L.  I. 

SiSE,  Charles  F.  President,    Bell     Telephone    Co.,    of 

Canada,  P.  O.  Box  191 8,  Montreal, 
'  Canada. 

Skirrow,  John  F.  Ass't  Manager,  Postal  Telegraph  Cable 

Co.,  New  York  City;  residence.  183 
N.  19th  St  ,  East  Orange,  N.  J. 

Sladf,  Arthur  J., /'^.Z>.     Engineer,    with    George    Hill,    44 

Broadway;  residence,  62  East  66th 
St.,  New  York  City. 

Slater,  Frederick  R.      Designing  Department,  Otis  Bros.  & 

Co..  153  Warburton  Ave.,  Yonkers, 

N.  Y. 

Smith,  Charles  Hknry,  Jr.    Box  2,  Atlanta,  Ga. 

Smith,  Frank  E.  Chief  Electrician,  Edison   Light  and 

Power  Co.,  229  Stevenson  St.,  San 
Francisco,  Cal. 

Smith,  Frederick  H.       Civil  Engineer,  216  Equitable  Bldg., 

Baltimore.  Md. 

Smith,  Harold  Babbitt  Professor  of   Electrical    Engineering, 

Worcester  Polytechnic  Institute; 
residence,  Trowbiidge  Road,  Wor- 
cester, Mass. 

Smith,  J.  Brodie  Supt.    and     Electrician.     Manchester 

Electric  Light  Co.,  142  Merrimack 
St.,  Manchester,  N.  H. 


Date  of  Election. 
Feb.    26,  1896 

April  28,  1897 
Dec.    19,  1894 

April  21,  1 891 

Sept.  19.  1894 

Mar.    20,  1895 
Oct.    23.  1895 

May  21,    1 891 

June     8,  1887 
Sept.  25,  1895 

Sept.  19,  1894 

Oct.    17,  1894 
Jan.     17,  1894 

Sept    19,  1894 
Nov.   12;  1889 


Smith,  J.  Elliot 
Smith,  Obkrlin 

Smith,  T.  Jarrard 

Speed,  Buckner 

(21) 


Superintendent  Fire  Alarm  Telegraph, 
122  W.  73d  St.,  New  York  City. 

President  and  Mechanical  Engineer, 
Ferracute  Machine  Co.,  Loch  wold, 
Bridgcton,  N.  J. 

Manufacturers  and  Inventors'  Electric 
Co.,  96  Fulton  St.,  New  York  City; 
residence,  Roselle,  N.  J. 

Assistant  Electrical  Engineer,  Louis- 
ville Electric  Light  Co.,  1 521  4th 
Street,  Louisville,  Ky, 


Nov.  24.  1 891 

Mar.    21,  1894 
April  15,  1884 

May    19,  1 891 

April  19,  1892 

Apr.    22,  1896 


ABBOOlAtE  MtSMBtSttS 


m 


Name. 

Spknxer,  Paul 


Address. 

Gen'l  Sup't,  People's  Light  and  Power 
Co.,  Newark,  N.  J.;  residence, 
Montclair,  N.  J. 

With  Bell  Telephone  Co.,  406  Market 
St. ,  Philadelphia,  Pa. 

Electrical  Engineer,  328  Montgomery 
St.,  San  Francisco,  Cal. 

Squier,  Grorce  O.,  Ph.D.     ist  Lieut.,  3d  Artillery,  Fortress 

Monroe,  Va. 


Spencer,  Theodore 
Sprout,  Sidney  S. 


Stadklman,  Wm.  a. 


Agent,  Elwell- Parker  Co.,  26  Cortlandt 
ht.,  New  York  City. 


Stahl,  Th. 

Stakes,  D.  Franklin 


Date  of  Election. 

Nov.  30,  1897 
Mar.   21,  1893 

Jan.     I7»  1B94 
May    19,  1 891 

Feb.      7,  1890 
Nov.   15,  1892 


Stanley,  William 
Stanton,  Chas.  H. 

Stkvens,  J.  Franklin 


Jan.    20,  1897 
Dec.     6,  1887 


Creusot  Works,  Creusot,  France. 

Electrical  Expert  and  Salesman,  The 
Fort  Wayne  Electric  Corporation, 
loi  The  Bourse,  Philadelphia,  Pa. 

Electrician,  PittsBeld,  Mass. 

With  C.  H.  &  H.  Stanton  Electrical 
Contractors,  1517  Walnut  St.;  resi- 
dence, 134  S.  3d  St.,  Philadelphia,  Pa.     Mar.  20,  189s 

Manager,  Keystone  Electrical  Instru- 
ment Co.,  9th  St.  and  Montgomery 
Ave.;  residence,  1419  Walnut  St., 
Philadelphia,  Pa. 

Stewart,  Robert  Stuart    Supt.    of  Lines,    Public    Lighting 

Commission,    440   Jefferson    Ave., 
Detroit,  Michigan. 


Sept.  19,  1894 
Dec.  20,  1896 


Stewart,  W.  M. 


Mar.   25,  1896 


Stine,  Wilbur  M. 

Stock bril>(;e,  Geo.  H. 

Stone,  Charles  A. 
Stone,  Joseph  P. 

Storkr,  Norman  W. 

Storrs,  Prof.  H.  A. 
Stratton,  Alkx. 


Wire  Chief,  New  York  Telephone  Co., 
18  Cortlandt  Street,  New  York  City; 
residence,  973  Amsterdam  Ave., 
New  York  City. 

{Vice-President.)  Director  Electrical 
Dept.,  Armour  Institute ;  residence, 
635  W.  6ist  Street,  Chicago,  III.  May    15,  1894 

Patent  Attorney.  95  Nassau  Street; 
residence,  2514  nth  Ave  .  near 
187th  St.,  New  York  City. 

With  Firm  of  Stone  &  Webster,  4 
P.  O.  Sq.,  Boston,  Mass. 

Electrical  Engineer,  General  Electric 
Co.;  residence,  213  Liberty  .Street, 
Schenectady,  N.  Y. 

Electrical  Engineer,  Westinghouse 
Electric  and  Mfg.  Co.,  residence, 
Amber  Club,  Pittsburg,  Pa. 

Professor  of   Electrical   Engineering, 
University  of  Vt.,  Burlington,  Vt. 


May    24,  1887 
May    19,  1 891 


Strai's,  Theodore 


(20) 


Dec.  18,  1895 

Dec.  18,  1895 

Mar.  21,  1893 

Mar.  20,  1895 

Electrical  Eng..  General  Electric  Co., 
Schenectady,  N.  Y.;  residence,  1213 

Linden  Avenue,  Baltimore,  Md.           Nov.  18,  1896 


Assistant  Electrical  Engineer,  C.  &  C. 
Electric  Co.,  Garwood  N.  J.;  resi- 
dence 120  W.  126th  St.,  New  York 
City. 


m  ASSOCIATE  MEMBEbS 

Name.  Address.  Date  of  Election. 

Strauss,  Herman  A.        Consulting    Electrical    Engineer    and 

Electrical  Expert.  54  Maiden  Lane 
and  29  Liberty  St;  residence.  Kings- 
court,  Madison  Ave.,  and  87th  St., 
New  York.  Oct.    17.  1894 

Strong,  Frederick  G.     Box,  959,  Hartford,  Conn.  Oct.    27.  1891 

Sturtevant,  Charles  L.  Patent   Attorney.   Atlantic    Building, 

Washington.  D.  C.  Dec.    20,  1893 

Sullivan.  Edward  Supt.  Construction,  Standard  Under- 

ground Cable  Co..  18  Cortlandt  St., 
residence,  337  W.  i8th  Street,  New 
York  City.  Feb.    26,  1896 

Summers,  Leland  L.         Electrical  Engineer,  441  The  Rookery, 

Chicago,  111.  Feb.    16,  1892 

SvENTORZKTZKY,  Capt.  Loudomir  Military  Engineering  Acad- 
emy, St.  Petersburg,  Rus.sia.  Sept.  20,  1893 

SwENSON,  Bernard  Victor    Assistant   Professor  of   Electrical 

Engineering,  University  of  Illinois, 
Champaign,  111.  Feb.    27,  1895 

Sweet,  Henry  N.  Chief    of    Patent    Bureau,    Thomson 

Electric  Welding  Co.,  4  Spruce  St  , 
Boston,  Mass.  May    20,  1890 

Swooi'E,  C.  Walton  Instructor.     Electrical     Engineering, 

Spring  Garden  Institute  ;  residence, 
12  North  38th  St  ,  Philadelphia.  F'a.     Jan.    26.  1898 

Sykes,  Henry  II.  Chief  Engineer.  Bell  Telephone  Co.,  of 

Mo..  Telephone  Bldg..  St.  Louis, Mo.    Oct.     18.1893 

Tachihara,  Jin  Electrical    Engineer.    Mining    Dep't. 

Mitsu  Bishi  Co..  Tokio,  Japan.  Jan.     26,  1898 

Tait,  Frank  M.  Superintendent,    Catasauqua    Electric 

Light  and  Power  Co.  and  Catasauqua 
Gas  Co.,  731  3d  St.,  Catasauqua,  Pa.     Sept.   19,1894 

Tapley,  Walter  H.  Electrician   in    Government    Printing 

Office,  care  of  Public  Printer,  Wash- 
ington, 1).  C.  Oct.    25,  1892 

Temple.  William  Chase  Mechanical  and  Electrical   Engineer, 

Lewis  Block,  P.  O.  Box  800,  Pitts- 
burg, Pa.  May      3,  1887 

Tesla,  Nikola  Electrical  Engineer  and  Inventor.  46 

E.  Houston  St..  The  Gerlach,  53 
W.  27th  St.,  New  York  City.  June      5.  1888 

Thayer,  Georok  Langstaff     Manager,    Belle    Plainc  Electric 

Light  Co.,  Belle  Plaine,  la.  Aug.     5,  1896 

Thomas,  Robert  McKean,  F.  E,     Assistant    Chief   Inspector, 

Bureau  of  Electrical  Appliances,  N. 
Y.  Fire  Dept.;  residence,  135  Madi- 
son Ave.,  New  York  City.  April  22,  1896 

Thordarsson,  Chester  II.     Chicago   Edison   Co.:    residence, 

2S4  Rush  St.,  Chicago,  111.  Dec.    18,  1895 

Thresher,  Alfred  A.       P21ectrical    Engineer    and    Proprietor 

Thresher  Electric  Co.,  Dayton,  O        April  22.  1896 

Thurber,  Howard  F.       General    Superintendent,    New   York 

Telephone  Co..  18  Cortlandt  Street, 
New  York  City;  residence,  49  .Sidney 
Place.  Brooklyn,  N.  Y.  Mar.    25,  1896 

i2o) 


ASBOOtATtS  MEMBERS 


m 


Name. 
TOERRING.  C,  Jr. 


TORCHIO,  Philifpo 


Tower,  George  A. 


Address. 

Electrical  Engineer,  Helios  Electric 
Co.,  3214  Arlington  Avenue.,  Phila- 
delphia, Pa. 

Engineering  Dep't,  The  Edison  Elec. 
Illuminating  Co.,  53  Duane  Street, 
New  York  City. 

Electrical  Engineer,  The  Sherwood 
Land  Co.,  and  The  Jefferson  Hotel 
Co.,  704  E.  Main  St.,  Richmond,  Va. 


TowNSEND,  Henry  C.       Attorney    and    Expert    in    Electrical 

Cases,  5   Beekman  St.,  New  York 
City. 

TowNSEND,  Samuel  G  F.  Assistant    in  Electrical    Engineering. 

Columbia  University  ;  residence,  131 
Fifth  Ave. ,  New  York  City. 

Treadwell.  Augustus,  Jr.     Private  Assistant,  Polytechnic  In- 
stitute, 488  3d  St.,  Brooklyn,  N.  Y.' 


Trott,  a   H.  Hardy 

[Life  Member.] 
TUFTLE,  (iEORGE  W. 


Vail.  Theo.  N. 


Beer,  near  .\xminster,  Devonshire, 
Eng. 

Electrical  Engineer.  Sawyer-Man  Elec- 
tric Co.,  510  W.  23d  St.;  residence, 
328  VV.  23d  St.,  New  York  City. 

26  Cortlandt  St.,  New  York  City. 


Van  Buren,  Gurdon  C.    Electrician  and  Electrical  Contractor, 

84  Clinton  Ave.,  Albany.  N.  Y. 


Vandkgrift,  James  A. 


Sawyer-Man    Electric   Company,   125 
Robinson  St.,  Allegheny,  Pa. 


Vanderslice,  G.  Hamilton     326  Penn  Avenue.  Pittsburg,  Pa. 

Van  Deventer,  Christoi'HKR     Student,  Columbia  University  ; 

residence,  626  Lexington  Ave  ,  New 
York  City. 


Van  Vleck,  Frank 


President,  Van  V'leck  Tramway  Co., 
Wells  Fargo  Bldg.,  Los  Angeles, 
Cal. 


Van  Vleck.  John  Falconer  Constructing  Engineer.  The  Edi- 
son Electric  and  Illuminating  Co.  of 
New  York;  residence,  Cilenridge.  N.  J. 

Van  Wyck,  Philip  V.  R.,  Jr.     IMainfield,  N.  J. 

Varley,  Thomas  \V.  Electrician,  United  Electric  Light  and 

Power  Co.,  210  Elizabeth  St.,  New 
York  City. 

Varney,  William  Wesley     Attorney  at  Law,  Electrical  Expert, 

118  East  Lexington  St.;   residence, 
712  N.  Carey  St.,  Baltimore,  Md. 


Venakle,  VVm.  May<^ 


VoiT,  Dk.  Ernst 


Electrical  Inspector.  Cincinnati  Un- 
derwriters' Association  ;  residence, 
3f>4q  N'ineyard  Place,  Cincinnati,  O. 

Professor  of  ?'lectricity.  Technical 
University.  Schwanthalerslrasse, 
Munchen.  (Germany. 


Date  of  Election. 

April  18,  1894 

June  27,  1895 

May  15.  1894 

July  10,  1888 

Jan.  20,  1897 

Feb.  21,  1894 

Jan.  20,  1891 

Mar.  17,  1 891 

April  15,  1884 

Oct.  25,  1892 

Nov.  24,  1891 

Dec.  19,  1894 

Feb.  17.  1897 

Nov.  16,  1886 

Aug.  5,  1896 
April  21,  1891 

Sept.  19,  1894 

Nov.  21,  1894 

Nov  30.  1897 

Mar.  2r,  1894 


(20) 


m 


ASBOCtAM  MSMBSRS. 


Name.  Address. 

VosMAER,  Alexander        Electrical.  Mechanical,   Chemical  En- 

jfineer,  Director  Electrical  Research 
Laboratory,  Zijlwej;,  49  Haarlem, 
Holland. 

Wagner,  Edward  Andrews.     Electrician,      30     Eddy      St., 

Ithaca,  N.  Y. 

Walker,  Arthur  F.         Sup*t  and  Electrical  Engineer,  Edison 

Light  Co..  Grand  Rapids,  Mich. 

Wallace,  Chas.  F.  Engineer,  Stone  and  Webster,  Boston, 

Mass.;  residence,  6a  Forest  Street, 
Roxbury,  Boston,  Mass. 

Wallace,  William  Washington,  D.  C. 

Wardell,  George  Phelps    675  Marcy  Ave.,  Brooklyn,  N.  Y. 

Wardlaw,  George  A.      [Address  unknown.] 

Standard  Underground  Cable  Co..  61 
Westinghouse  Bldg.,  Pittsburg,  Ha. 


Date  of  Election. 


Waring,  Richard  S. 

Warner,  Chas.  H. 
Warren,  Aldred  K. 

Wason,  Chas.  W. 

Waters,  Edward  G. 
Watts,  H.  Franklin 


Consulting  Electrical  Engineer,  Bowl- 
ing Green  Building,  New  York  City. 

Proprietor,  A.  K.  Warren  &  Co.,  451 
Greenwich  St.,  New  York;  residence 
New  Brighton,  N.  Y. 

Electrical  Engineer  and  Purchasing 
Agent.  Cleveland  Electric  R.  R.  Co., 
2069  Euclid  Ave.,  Cleveland,  O. 

General  Electric  Co.,  44  Broad  St., 
New  York  City. 

Electrical    Engineer   and    Contractor, 
1467  N.  53d  St.,  W.  Philadelphia,  Pa. 

Webb,  Henry  Storrs       Instructor  in  Electrical   Engineering, 

Lehigh  University,  South  Bethlehem, 
Pa. 

Webster,  Dr.  Arthur  G.  Assistant  Professor  of  Physics,  Clark 

University,  936   Main   St.,  Worces- 
ter, Mass. 


Webster,  Edwin  S. 
Weisb,  Will  M.  T. 


Firm    of    Stone  &   Webster,   4  P.  O. 
Sq..  Boston,  Mass. 

Manager,  WeiseBros.,  Library  Build- 
ing, Davenport.  Iowa. 

Wells,  Dana  Clkmmer  Assistant  in  Physics,  Columbia  Uni- 
versity, New  Vork  ;  residence,  109 
Willow  St.,  Brooklyn,  N.  Y. 

Wendle,  GkoR(;e  E.  760  W.  4th  St.,  Williamsport,  Pa. 

West,  Julius  IIknrik        Engineer.  Ilandjery  St.,  58  Friedenau, 

Berlin.  (Jrermany. 

Manufacturer,  46  Avenue  de  Breteuil. 
Paris.  France. 


Welles,  Francis  R. 
Wharton,  Hugh  M. 
Whitaker,  S.  ?'dgar 
(23) 


Electrical    Engineer,    69    Christopher 
St.,  Montclair,  N.  J. 

Electrical  Engineer  and  Contractor,  58 
Oliver   St.,    Fiichburg,  Mass. 


Nov.  18,  1896 

Jan.  22,  1896 

Oct.  23,  1895 

Nov.  18.  1896 
April  15,  1884 

Nov.  12,  1889 

Jan.  17,  1894 
April  15,  1884 

Dec.  20,  1893 

Nov.  20,  1895 

May  19,  1 891 

Mar.  18,  1890 

May  20,  1890 

Nov.  20,  1895 

Jan.  19,  1892 

April  21,  1891 

Aug.  13.  1897 

April  28,  1S97 

Feb.  2r,  1894 

Sept.  20,  1893 

Sept.  6,  1887 

May  15,  1894 

Aug.  5,  1896 


ASSOCIATE  MEMBBBS. 
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Name. 

White,  Chas.  G. 


Address. 

Public  Schools  Sup't,  and  Instructor 
in  Physics  and  Chemistry,  I^ke 
Linden,  Mich. 

J.  G.  White  &  Co..  Electrical  Eng^i- 
neers  and  Contractors,  29  Broadway, 
New  York  City. 

Electrical  Engineer,  Vice-President. 
New  Omaha  T.-H.  Electric  Light 
Co.,  309  So.  13th  St.,  Omaha,  Neb. 

Electrical  Engineer,  Riker  Electric 
Motor  Co..  Brooklyn,  N.  Y.;  resi- 
dence, Stamford,  Conn. 

Electrical  Engineer,  General  Electric 
Co.,  Edison  Building,  Box  3067, 
New  York  City. 

81  Milk  St.,  Boston,  Mass. 

Electrical  Engineer,  Wiederhold  & 
Stoeckel.  30  Cortlandt  St.,  New 
York;  residence,  Summit,  N.  J. 

WiESE,  GusTAV  Adolph    City    Electrician    of    Alameda,    718 

Haight  Ave.,  Alameda,  Cal. 


White,  J.  G. 


White,  Will  F. 


Whiting.  Allen  IL 


Whitmore,  W.  G. 


Whitney.  Henry  M. 

[Life  Member.l 

Wiederhold,  Oscar 


Date  of  Election. 
Sept.  23,  1896 

April     2,  1889 

Feb.      7,  1890 

Nov.   18,  1896 

Mar.    18,  189c 
July    12,  1887 


WiGHTMAN,  Merle  J. 

Wiley,  Walter  S. 

Wiley,  Wm.  H. 
Williams,  Arthur 


Electrical  Engineer,  The  Staten  Island 
Midland   Railway  Co.,    Stapleton, 

N.  Y. 

Engineer,  with  the  American  Water- 
works,  1 107  No.  40th  St..  Omaha, 
Neb. 

Scientific  Expert,  53  E.  loth  St.,  New 
York  City. 

General  Inspector,  The  Edison  Elec- 
tric Illuminating  Co.,  of  New  York; 
residence,  155  Linden  Boulevard, 
Brooklyn,  N.  Y. 

Williams,  Charles  Jr.     Electrician,  i  Arlington  Street,  East 

Somerville,  Mass. 

Williams,  Geo.  Henry  District  Supt.    The   Edison   &  Swan 

United  EleclricCo.,  Ltd.,  134  Royal 
Avenue  ;  residence,  Culmore,  Glen- 
bum  Park,  Belfast,  Ireland. 

Williamson,  G.  DeWitt    Dobbs  Ferry,  N.  Y. 

Willis,  Edward  J.  Supt.    Richmond  Traction  Co.,   Rich- 

mond, Va. 

General  Manager,   Sioux  City  Traction 
Co.,  Sioux  City,  Mo. 


Aug.  13.  1897 

Sept.  25,  189s 

Mar.  5,  1889 

April  18,  1894 

Feb.  7,  1888 


June    23, 1897 
April  15,  1884 


Wilson,  Chester  P. 
Winand,  Paul  A.  N. 


Engineer  and  Supt.,  Schleicher, 
Schumm  &  Co.,  3200  Arch  St., 
Philadelphia.  Pa. 

Winchester.  Samuel  B.    9  Laurel  St.,  Holyoke,  Mass. 


WiNSLOW,  I.  E. 


(20) 


The  General  Traction  Company.  Ltd., 
35  Parliament  Street,  Westminster, 
London,  Eng. 


Oct.     27,  1897 
April  18,  1893 

Nov.   30,  1897 

Sep.    25,  1895 

June  20,  1894 
May  15  1894 


Nov.  12,  X889 
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AS80C1ATE  MEMBERS, 


Name.  Address.  Date  of  Election. 

WiNTRiNGHAM,  J.  P.  Theorist,  36  Pine  St  .  New  York  City, 

and  153  Henry  St..  Brooklyn,  N.Y.     May      7,  1889 

Wirt,  Herbert  C.  Knsfineer,  Supply  Department,  General 

Electric  Co.,  Schenectady,  N.  Y.         June   26,  iggi 

Woodward,  Francke  L.    Electrical  Engineer,  49  Grand  Street, 

Albany,  N.  Y.  June   26,  1891 

Electrical  Engineer,  Narragansett 
Electric  Lighting  Co.;  residence,  2i 
Arlington  Ave.,  Providence,  R.  I.        Nov.    18,  1896 

Instructor    in    Electrical   Laboratory,  • 

Bliss  School  of  Electricity,  35  B.  St., 
N.  W.;  residence.  1424  St.,  N.  W. 
Washington,  D.  C.  Feb.     17,  1897 

Electrician  and  Inventor,  The  Electro- 
zone  Co  ,  415  Lexington  Ave.,  New 
York  City. 

Electrical  Engineer,  Cape  Town 
Trariways  Company,  Cape  Town, 
So.  Africa. 


Woodward,  W.  C. 


Wood  WORTH,  Geo.  K 


WooLF.  Albert  E. 


WORSWICK,  A.  E. 


Sept.  16,  1890 


Wotton,  Tames  A. 


Wray,  J.  Glen 


Electrician,  Southern  Bell  Telephone 
•   and  Telegraph  Co.,  P.  O.  Box,  218, 
Atlanta,  Ga. 

Assistant  Engineer,  Chicago  Tele- 
phone Co.,  162  Centre  St.,  Chicago, 
111. 


Wright,  Louis  S. 
Wybro,  Harrison  C. 


Sept.  20,  1893 

Oct.  27,  1897 

Sept  20,  1893 

Nov.  18,  1896 


1700  Green  St.,  Philadelphia,  Pa. 

Electrical  Engineer,  Wybro  & 
Lawrence  Co.,  53  Chronicle  Build- 
ing, San  P'rancisco,  Cal.  Dec.    18,  1895 

Superintendent  of  Construction,  for  L. 
W.  Serrell,  99  Cedar  St.,  New  York 
City.  May    16,  1893 

Electrical  Engineer,  Westinghouse 
Elec.  &  Mfg.  Co.,  Girard  Building, 
Philadelphia,  Pa.  June    27,  1895 

Electrician  of  Railway  in  Jalapa,  Vera 
Cruz,  Mexico.  Nov.    18,  1896 

Captain  of  Artillery,  U.  S.  A., 
(retired),  The  Century,  7  West  43d 
St.,  New  York  City.  May    17,  1887 

Zimmerman,  Laurence].  Electrical    Engineer    and     Inventor, 

57    Pennsylvania    Ave.,    Brooklyn, 
N.  Y.  Mar.    21,  1893 


Yarnall,  V.  H. 

Young,  Charles  I. 

YsLAS,  Carlos 
Zalinski,  Ed.mund  L. 


<i6) 


Associate  Members, 


749- 


OFFICIAL  STENOGRAPHER 


Ryan,  Richard  W.  ,  Room   178,    Post  Office   Building.  Telephone,  2787  Cort- 
landt.    Residence,  262  W.  nth  St.,  New  York  City. 
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